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l)urin>!  late  September  and  early  (Jetubcr  197o,  Calspaii  participated 

in  ClWCOM- ■’t> , a research  cruise  aboard  the  Naval  l‘usti>raduate  School's 

R/V  U'ANIA  to  investigate  marine  boon da r>- layer  phenomena  in  the  offshore 

waters  of  southern  (.'alifomia.  Ihe  ol>jective  of  the  four-week  cruise  was  to 

investigate  marine  foj;,  aerosol  characteristics,  and  evolutioiiar>'  processes 

which  affect  optical  propagation  in  the  marine  atmosphere.  Measurements  of 

visibility,  scattering;  coefficient,  winds,  air  and  sea  surface  temperatures, 

dew  point,  total  particulate  concentration,  CCN  activity  spectra,  and  foR 

miCrophysics  were  obtained,  .-uid  hi-vol  samples  of  the  ambient  aerosols  ;uid 

discrete  samples  of  foj;  water  were  collected  for  later  chemical  analysis. 

The  data  were  analyzed  to  provide  descriptions  of  the  microphysics  and 

chemistr>-  of  marine  foj{s  and  the  areal  distributior  of  "clear  air"  visibility, 

CCN'  activity  spectra,  .ind  aerosol  concentration  and  composition  in  a 15U,U00 
■> 

km“  area  extending  approximately  500  km  SW  of  Los  AnRelts.  Tlie  data  arc 
compared  with  those  obtained  on  previous  investigations  conducted  off  both 
the  Last  and  West  Coasts.  In  addition,  limited  experiments  were  conducted  to 
determine  if  laser  beam  enlargement  could  be  detected  using  a low-power  laser 
over  short  propagation  paths  and  if  such  measurements  might  be  useful  in 
assessing  optical  parameters  such  as  size  and  concentration  of  aerosols  and 
levels  of  turbulence  in  the  marine  boundary  layer. ^ . 
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IVIRODlXn  idS  AND  SimVKi 


lor  the  fifth  consecutive  year.  Calspan  (.'ori)oration  under  Contract 
No.  NOOOlD-Tb-C-ObS?  from  the  Naval  Air  Systems  Command  is  continuini;  its 
investigation  of  marine  boundary- layer  phenomena.  In  previous  investigations, 
attention  was  focused  on  determination  of  the  formation  mechanisms,  life- 
cycle  variations,  and  physical  and  chemical  pioperties  of  marine  fogs  occurring 
off  the  coasts  of  California  and  Nova  Scotia.  Results  of  those  efforts  are 
described  in  annual  suramarv'  reports  (Ref.  1-4). 

In  consonance  with  the  Navy's  expanded  interest  in  meteorological 
effects  on  the  performance  of  electro-optical  equipment,  the  scope  of  the 
current  effort  has  been  expanded  to  include  investigation  of  aerosol 
characteristics  and  evolutionary  processes  which  affect  optical  propagation 
in  the  marine  atmosphere.  To  this  end.  Calspan  participated  in  a four-week 
research  cruise  (CLWCOM  7b--Coopcrative  Experiment  in  West  Coast  Oceanography 
and  ^teorology- 197b)  conducted  off  the  coast  of  southern  California  during 
late  September  and  early  October  1976.  The  cruise  was  performed  aboard  the 
Naval  Postgraduate  School's  (NPS)  R/V  ACA.NIA  and  involved  a general  study  of 
the  optical  properties  of  the  marine  boundar>'- layer  with  participation  by  the 
NPS.  the  Naval  Oceanographic  Systems  Center  (NOSC) . the  Naval  Avionics 
Facility-Indianapolis  (NAFI).  the  Naval  Research  Laboratory  (NRL) . and 
Airborne  Research  Associates.  Calspan's  role  was  to  obtain  measurements  of 
micrometeorological  parameters,  visibility,  aerosol  concentration  and  chemical 
conposition . and  fog  microphysics.  While  a substantial  quantity  of  data  was 
acquired  during  episodes  of  fog.  the  primary  objectives  of  this  year's  effort 
were  to  describe  the  aerosol  population  and  to  investigate  factors  which 
influence  "clear  air"  visibility. 

The  expedition  was  based  out  of  San  Diego,  with  the  ACANIA  departing 
its  home  base  at  Monterey  on  20  September  and  returning  on  15  October  1976. 
Ship's  tracks  for  the  first  (20  September-2  October)  and  second  (3-15  October) 
segments  of  the  cruise  are  depicted  in  Figures  la  and  lb,  respectively. 
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Figure  1:  Ship's  Track  Ldcaticn  of  Fogs  CbsERVED  DjRir^G  ttc  ScPTE^BER-OcTCB£R  D76 
Cruise  of  R/V  ACA'IIA  Off  SouTHERn  California. 


(The  dates  shown  alon^  the  track  refer  to  the  0000  hour,  I’lTI  , of  the  respective 
days.)  Vs  shown  by  figures  la  and  b,  measiireini*nt s were  obtained  over  a 
150,000  km"  irea  in  the  region  of  the  Los  Anjjeles  biKht,  extending  seaward 
app  I oxi  mate  ly  500  km  SW  from  San  liie^o  and  JOO  km  h of  I’t . Conception. 

Calspan  instrumentation  employed  dorini;  the  field  study  are  listed 
in  Table  1.  Calspan's  atmospheric  research  van  was  hoisted  aboard  the  ACVMA 
and  housed  all  recorders,  a "clear-air"  visibility  monitor,  .ind  nuclei  sampling 
apparatus.  lemperaturc  ;md  dew  point  instrumentation  were  mounted  on  the  20  m 
tower  on  the  foredeck  of  the  AC.VN'IA;  fog  microphysics  and  hi-vol  aerosol- 
sampling instrumentation  were  mounted  on  a specially-constructed  bow  platform; 
the  fog  visibility  monitor  was  installed  on  the  roof  of  the  pilot  house;  and 
sea  surface  temperature  was  monitored  from  a specially-designed  vehicle  towed 
along  side  the  ship.  Detailed  descriptions  of  this  instrumentation  may  be 
found  elsewhere  (e.g..  Ref.  1-1). 

Throughout  the  cruise,  scattering  coefficient,  visibility,  sea 
surface  ten^erature,  air  ten^erature  and  dew  point  were  monitored  continuously; 
true  winds,  wet  and  dry  bulb  temperatures,  and  total  particulate  (Aitken  Nuclei) 
concentration  were  recorded  hourly.  In  addition,  112  measurements  of  the  cloud 
nucleus  (CCN)  spectra,  100  hi-vol  samples  of  atmospheric  aerosols  (for  chemical 
analysis)  and  42  cascade  imjiactor  samjilcs  (of  aerosols)  were  obtained  during 
non-fog  periods.  In  the  six  fog  situations  encountered,  approximately  30  hours 
of  fog  data  were  logged.  In  addition  to  continuous  records  of  visibility  and 
micromctcorological  parameters,  approximately  300  drop  samples  and  370  ml  of 
fog  water  (for  chemical  analysis)  wore  collected  during  episodes  of  fog.  Some 
of  these  data  are  provided  in  ^Njipendices  B and  C and  discussed  in  detail  in 
Sections  2 and  3.  (A  complete  list  of  all  fogs  observed  to  date  on  this 
program  is  provided  in  Appendix  A.) 

Results  of  analyses  of  aerosol  data  obtained  off  the  West  Coast  may 
be  briefly  summarized  as  follows;  (1)  total  particle  concentrations  increased 
nearly  monotoni cal ly  with  proximity  to  the  coastline  apparently  reflecting 
increasing  continental  influences;  (2)  most  of  the  aerosols  existent  in  the 
marine  boundary  layer  off  the  West  Coast  were  active  at  1.0%  supersaturation; 
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Tabic  1 


Calsjian  Instrumentation  Installed  on  the  R/V  AC/\NIA 
September-October , ll>7b 


Inst  rumen t/raramet e r 


ileiKht  Above 
Sea  Surface 


Tcm^ieraturc  sensors  (l-ovboro) 

Uew  point  sensors  (loxboro) 

Sling  rsychrometer 

forward  scatter  visibility  (fog)  (tliliG) 
Nephclometer  visibility  (clear  air)  (MRI ) 
Cloud  nucleus  chamber  (Calspai., 

Total  particulate  monitor  (Gardner) 
Aerosol  chemistry  (<1  Ili-Vol  Samplers) 
Cascade  impactor  (Battel  Ic  tyj>e) 
log  droplet  samjiler  (Calspan) 

Fog  water  collector  (Calspan) 


sea  sfc. , 3.5,  8.5,  18.5  m 
8.5,  18.5  m 

4 m 
7.5  m 
b ro 
b m 
b m 

5 m 
5 m 
5 m 
5 m 


(3)  larger  particles  (i.c.,  CCS  active  at  0.2\  S)  in  general  also  increased 
with  proximity  to  the  coast  but  localized  "pockets"  of  higher  concentrations 
suggest  localized  sources  for  these  aerosols;  (4)  since  most  of  the  observed 
ambient  aerosol  were  active  as  CC.N  and  therefore  size-dependent  on  relative 
humidity,  fluctuations  in  both  aerosol  concentration  and  relative  humidity 
were  found  to  be  responsible  for  fluctuations  in  clear-air  visibility;  (5)  the 
chemical  comjiosition  of  the  ambient  aerosols  varied  considerably  over  the 
cruise  area;  SO^  , NO^  , Nll^* , Ca  and  A1  tended  to  higher  concentrations 
nearer  the  coast,  while  concentrations  of  Cl  were  greater,  on  the  average, 
farther  to  sea;  Na  and  Mg  concentrations,  on  the  average,  remained  constant 
over  the  cruise  area;  (6)  ratios  of  chemical  constituents  suggest  that  the 
observed  aerosols  were  primarily  of  marine  origin  (sea  salt)  farther  to  sea, 
with  increasing  quantities  of  cont incntal/anthropogenic  species  (superimposed 
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on  the  marine  aerosol)  with  proximity  to  the  coast;  (7)  the  data  further 
sungest  that  the  oxidation  of  gaseous  SO,  to  particulate  SO^  in  the 
presence  of  marine  aerosols  was  responsible  for  losses  of  Cl  and 
hence  a major  change  in  the  composition  of  aerosols  in  the  marine  boundar>' 
layer  closer  to  the  coast.  The  data  on  which  these  conclusions  are  based 
is  discussed  in  greater  detail  in  Section  2. 

During  the  cruise,  six  fogs  were  encountered  at  offshore  locations 
depicted  in  Figure  1.  Analyses  of  fog  microphysics  data  and  samjiles  of  fog 
water  may  be  summarired  as  follows:  (1)  with  the  exception  of  the  two  fogs 
observed  closest  to  shore,  the  microphysical  features  of  the  observed  fogs 
were  similar  to  those  of  fogs  previously  observed  off  tlic  West  Coast;  the 
near-shore  fogs  exhibited  characteristics  more  closely  resembling  those  of 
Nova  Scotia  fogs;  (2j  chemically,  fog  water  was  comprised  of  nearly  equal 
concentrations  of  SO^  and  Cl  with  lessor  amounts  of  Na,  NO^  , and  NH^*; 

(3)  fog  water  concentrations  of  SO^  ” were  similar  to  those  measured  in 
Nova  Scotia  fogs,  while  Cl  concentrations  were  found  at  levels  typical  of 
West  Coast  fogs  and  considerably  higher  than  those  observed  in  Nova  Scotia 
fogs;  (4)  the  fogs  were  apparently  nucleated  by  (or  scavenged)  both  sulfate 
and  chloride  aerosols  in  amounts  corresponding  to  approximately  30-50%  of  the 
mass  available  in  the  ambient  aerosols.  These  data  are  discussed  in  greater 
detail  in  Section  2.7. 

Case  studies  for  three  of  the  six  fogs  observed  during  the  cruise 
arc  presented  in  Section  3.  The  fog  of  27-28  September  developed  behind  a cold 
front  over  the  open  ocean  'vSOO  km  offshore  and  persisted  for  more  than  20  hours. 
The  fog  of  9 October  occurred  as  a result  of  lowering  stratus,  and  analysis 
of  the  available  data  showed  that  a change  in  the  height  of  the  inversion 
base  relative  to  the  lifting  condensation  level  was  responsible  for 
initial  stratus  formation.  The  third  fog  discussed  in  Section  3 was  observed 
over  cold  water  within  20  km  of  the  coast  under  conditions  of  high  pressure 
aloft  and  offshore  flow  in  the  surface  layer  on  8 October. 


I»  aiiJitioii  to  direct  measurements  of  the  mi crometcorologi cal  and 
pliysical  characteristics  of  the  marine  boundary'  layer,  a laser  imaging 
*porimcnt  was  conducted  jointly  witli  .I.B.  Russell  of  NAM.  The  amount  and 
form  of  laser  beam  enlargement  might  be  useful  in  assessing  imjiortant  optical 
parameters  such  as  size  and  concentration  of  aerosols  and  levels  of  turbulence 
in  the  boundary- layer  atmosphere.  The  primary  objective  of  the  experiment  was 
to  determine  if  laser  beam  enlargement  can  be  observed  using  a low-power 
laser  over  short  propagation  patlis  in  the  marine  boundary  layer.  Laser  imaging 
experiments  were  conducted  on  two  separate  days  off  the  Pacific  coast  near  the 
NdSC  facility  at  San  Diego  and,  subsequently,  on  two  separate  days  in  February 
1977  from  the  Naval  Coastal  Systems  Laboratory's  platform  located  in  the  (iulf 
of  Nk'xico  ''<20  km  off  Panama  City,  Florida.  While  only  a limited  effort  was 
feasible  within  the  scope  of  the  experiment,  laser  imaging  data  were  obtained 
at  ranges  from  2 to  18  km,  and  a significant  amount  of  beam  spreading  about 
the  forward  direction  was  detected.  However,  analysis  of  the  imagery'  data 
indicated  that  a laser  of  5-5  times  greater  intensity  is  required  to  obtain 
data  at  ranges  >4  km  when  ambient  visibilities  arc < 20  km.  These  experiments 
and  data  are  discussed  in  greater  detail  in  Section  4. 
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Section  2 


PHYSICAL  /XNU  CHI^MICAI,  CIIARACTLRI STICS  AND  ARLAl. 

DISTRim/riON  OF  ALROSOLS  IN  Till'  OFFSIlORF  Rl'.IHON  OF 
SOUTllLRN  CALIFORNIA  DURING  SIPTLMBLR  /VND  OCTOBF.R  1976 

The  primary  objective  of  the  September-October  1976  cruise  aboard 
the  R/\  ACANIA  was  to  obtain  data  describing  the  aerosol  population  off  the 
coast  of  southern  California.  As  a result,  a considerable  quantity  of  data 
was  acquired  in  an  effort  to  delineate  the  spatial  and  temporal  variations 
of  aerosols  in  the  marine  boundary  layer.  These  data  include  hourly  obser- 
vations of  total  particulate  concentration,  scattering  coefficient,  visibility, 
relative  humidity,  and  winds.  Frequent  measurements  of  condensation  nucleus 
(CCN)  spectra  (2-6  times  daily)  and  hi-vol  samples  (2-4/day)  of  ambient 
aerosols  (for  bulk  chemical  comjiosition  analysis)  were  oht.iined  during 
non-fog  periods.  In  addition,  during  the  30  hours  of  fog  encountered  during 
the  cruise,  measurements  of  droplet  spectra  :ind  samples  of  fog  water  (for 
chemical  analysis)  were  obtained.  Detailed  analyses  of  these  data  are 
presented  and  discussed  within  this  section. 

2.1  General  Meteorological  Conditions 

During  the  cruise,  the  sea  surface  temperature  was  monitored 
continuously,  and  the  data  from  both  halves  of  the  cruise  were  comjiosited  to 
produce  the  sea  surface  isotherm  chart  shown  in  Figure  2.  Despite  the  three- 
plus  weeks  required  to  obtain  the  data  and  the  considerable  liberty  taken  in 
smoothing  of  small  scale  temperature  fluctuations  particularly  in  the  vicinity 
of  the  Channel  Islands,  it  is  felt  that  the  surface  isotherm  chart  is  reasonably 
representative  of  the  gross  features  of  the  surface  ten^erature  pattern 
existent  during  the  period.  The  data  show  that  the  coldest  water  was  centered 
about  the  122  W meridian  and  that,  with  the  exception  of  a cold  spot  along  the 
shore  north  of  Pt.  Conception,  the  sea  surface  gradually  warmed  with  proximity 
to  the  coast. 


Figure  2:  ftAN  Sea  Surface  Temperature  Pattern  ftASURED  From 
ACANIA  Offshore  Souttcrn  California^  20  September- 
13  OacBER  1976. 
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Observations  of  winds  wore  obtained  hourly  from  the  ship's  anemometer 
along  with  ship's  heading  and  speed.  These  data  were  combined  in  a com])uter 
routine  to  provide  calculations  of  true  wind.  As  much  of  these  data  as 
possible  have  been  jilotted  as  a function  of  ship's  jiosition  and  are  shown 
in  Figures  b,  and  c.  For  the  most  part,  winds  were  "on  shore"  and  >5 
m sec  ^ at  distant  offshore  locations,  ;uui  "ligiit  and  variable"  (<  5 m scc'S, 
with  predominantly  offshore  flow  in  the  area  between  the  (dianncl  Islands  and 
the  coast. 

Data  depicting  the  general  visibility  levels  in  "clear  air"  conditions 
(i.e.,  in  the  absence  of  fog)  during  the  first  half  of  the  cruise  are  presented 
in  Figure  4.  In  order  to  smooth  out  small  scale  fluctuations,  the  visibility 
isopleth  chart  in  Figure  4 was  constructed  from  hourly  observations  averaged 
over  six-hour  periods.  These  data  thus  provide  a synopsis  of  the  mean 
visibility  levels  for  the  initial  12-day  portion  of  the  cruise.  It  is  seen 
from  the  data  that  an  area  of  reduced  visibility  existed,  in  the  mean,  in  the 
vicinity  of  San  Nicolas  and  San  Clemente  Islands  and  that  the  clearest  air 
was  observed  in  the  southwest  portion  of  the  cruise  area.  (Because  of  the 
amount  of  fog  observed  on  the  second  half  of  the  cruise,  it  was  not  possible 
to  construct  a comiiarable  visibility  chart  for  that  portion  of  the  cruise.) 

An  overview  of  the  "clear  air"  conditions  encountered  during  the 
cruise  is  provided  in  greater  detail  by  data  shown  in  Figure  5.  At  the 
bottom  of  the  figure  measurements  of  CCN  concentrations*  active  at  0.2i  S 
and  1.01  S**  arc  plotted  as  functions  of  time  for  the  duration  of  the  cruise. 


•These  data  have  not  been  corrected  for  vapor  depletion  and  sedimentation 
effects  (Kef.  5). 

••According  to  theory  and  experimental  evidence  (e.g..  Kef.  6),  CCN  active 
at  0.2  and  1.0%  S correspond  to  particles  of  'vO.075  and  0.025  pm  diameter 
(dry  size),  respectively. 
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Figure  3a:  Winds  for  the  Period  20  Septefber  to  2 OacBER  1976 
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Figure  3b:  Winds  for  ^ Octcber  and  for  the  Period  8 to  11  October  1976 
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Figure  4:  Isoplet>«  of  "Clear  Air"  Visibility  (km)  Offshore 
Southern  California^  20  Septb«er-2  OacBER  1976 
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Ihe  c:CN  data  arc  sequential  observations,  and  it  should  be  noted  that  the 
time  scale  on  the  fijjurc  is  nonlinear.  As  can  be  seen  from  the  data,  C('\ 
concentrations  at  the  two  supersaturations  differed  by  a factor  of  approxi- 
mately 2-5  but  fluctuated  sometimes  svTichronous ly  throughout  the  cruise,  eaclt 
varying  in  magnitude  from  one  locale  to  another  by  a factor  of  about  30. 

2.2  Spatial  \ariations  of  Aerosols  and  CC.M  Off  the  Southern 

California  Coast 

The  fluctuations  evident  in  the  CC.N  data  shown  in  Figure  5 in 
general  reflect  the  various  activities  depicted  by  the  cruise  tracks 
(Figure  1).  Highest  CC.N  concentrations  were  observed  near  shore,  in  the 
vicinity  of  San  Nicolas  and  San  Clemente  Islands  on  22  September,  .and  on  4 and 
13  October,  and  in  the  region  between  Los  .Angeles  and  San  DiegO  on  4-6 
October  .and  again  on  11  October.  The  lowest  CCN  concentrations  were  observed 
at  the  most  distant  offshore  positions  (i.e.,  on  24  and  25  September,  27 
through  30  September  and  on  9 October).  CCN  concentrations  gradually  increased 
as  the  ship  neared  the  coast  on  29  September  and  sailed  down  the  Santa  Barbara 
Channel  to  the  vicinity  of  San  Diego. 

bTien  plotted  as  functions  of  ship's  position,  the  aerosol  data 
reveal  consistent  patterns  and  trends  apparently  associated  with  the  wind 
field  and  proximity  to  the  coast.  For  example,  in  Figure  6,  isopleths  of 
total  particle  concentration  (Aitken  nuclei)  are  shown  for  the  first  and 
second  halves  of  the  cruise.  These  data  were  obtained  hourly  and  averaged 
over  six  hour  intervals  to  produce  the  distribution  charts 
shown  in  Figure  6.  As  shown  by  the  figure,  total  particle  concentrations 
increased  steadily  from  minimum  detectable  levels  (i.e.,  <200  cm  ^)  at  the 
seaward  edge  of  the  cruise  area  to  values  in  excess  of  2000  cm  ^ near  shore. 
These  data  no  doubt  reflect  the  increasing  influence  of  continental  sources, 
and  perhaps  surf  action,  on  the  total  aerosol  burden  with  proximity  to  the 
coastline. 
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JCD  20  SEPTUK;R-2  OCTOBER  1376. 


Figure  6:  Isopuettts  of  Total  Particle  CaicENTRATioj  Offshore 

Southern  California^  SEPTE^BER-^CTCBER  1976. 


Similar  ilata  doscribinn  the  distribution  of  CCN  concentrations  are 
stiown  in  ('igures  1 and  8 for  particles  active  at  1.0%  S (>0.02S  am,  dry  sizej 
and  0.2%  S (X).075  urn,  dr>’  sizej,  respectively.  (Ihc  CC.S'  data  used  to  produce 
the  plots  are  individual  observations  obtained  at  frequencies  of  from  two  to 
sl-x  times  daily).  As  was  the  case  for  total  particle  concentration,  a general 
trend  of  increasing  CCN  concentrations  with  proximity  to  the  coast  is  evident 
in  both  figures.  The  distribution  plots  of  the  CCN  data,  however,  are  not  as 
uniform  as  those  of  total  particle  concentration,  exhibiting  minima  .-uid 
maxima  and  suggesting  localized  sources  for  these  aerosols. 

The  extent  to  which  the  CCN  distribution  plots  are  affected  by  the 
lack  of  data  as  extensive  as  those  of  total  particle  concentration  is  not 
known.  In  Figure  9,  total  nucleus  concentration  is  plotted  as  a function  of 
the  simultaneous  concentration  of  CCN  active  at  1.0%  S.  It  is  evident  from 
this  presentation  that  most  of  the  aerosols  observed  during  the  cruise  were 
active  at  1.0%  S--a  result  reported  for  marine  air  masses  by  a number  of 
previous  investigators  (e.g..  Ref.  7).  However,  the  number  of  departures 
from  the  1:1  line  in  Figure  9 suggest  that  a 1:1  relationship  is  not  always 
tlie  case;  and  therefore  that  there  are,  at  times,  differences  in  the  production 
mechanisms  for  Aitken  nuclei  and  CCN,  even  in  the  marine  boundar>’  layer. 

2.3  CCN  Activity  Spectra 

In  total,  more  than  110  measurements  of  the  C(.‘N  activity  spectra 
were  obtained  during  the  September-October  cruise.  When  plotted  together, 
the  CCN  data  were  found  to  fall  into  well-defined  groupings  as  illustrated 
in  Figures  10a  and  b.  Five  distinct,  mean  activity  spectra  were  identified 
by  this  comparison,  and  these  are  presented  in  Figure  11.  It  is  readily 
seen  that  the  mean  CCN  spectra  differed  chiefly  in  the  absolute  magnitude 
of  the  respective  aerosol  concentrations--with  the  exception  of  the  spectrum 
represented  by  the  square  symbol  and  which  exhibits  a much  steeper  slope 
than  those  of  the  other  spectra. 


17 


PLOT  OF  SHIP'S  r;w>  PV  ^ 
rmn  5 TTCK-p  IS^. 


Figure  7:  Isopleths  of  CoNCEriTRATiONS  of  CCJ  (, Active  at  1.0%  SupersaturatiotO, 
Offshore  Southern  California,  SEPTE^BER-OacBER  1376. 


Figure  8:  Isopl£Ths  of  Comcoitratiohs  of  CCl  (Active  at  O.Z!  Supersaturatioti). 
Ofshore  SoLmcRfj  Cali  forth  a^  SEPTEf«ER-OcTCBER  1976. 


CaJCefTRATim  of  AITKEN  nuclei  (cm“^) 

Figure  9 CONCENTRATION  OF  Cai  flCTM  AT  LOS  S vs.  CONCENTRATION 
OF  AITKEN  NUCLEI.  OFFSHORE  SOUIHERN  CALIFORNIA  DURING 
CEWOOM.  SEPT.-  OCT..  1976. 


Supersaturation 

Figure  IDa:  CCN  Activity  Spectra  TfeAsuRED  Off  the  Coast 

OF  SoUTTCRN  CALIFORNIA^  SePTET«£R-OcTCBER  1976. 
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Figure  10b : CCN  Activity  SPEaRA  ftAsuRED  Off  the  Coast  of 

SomiCRN  California,  SEPTEf^ER-OcTCBER  1976  (Cont.) 
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When  plotted  as  a function  of  measurement  location  (i.e.,  along 
ship's  track)  as  shown  in  figure  12,  the  five  mean  activity  spectra  defined 
a pattern  suggestive  of  increasing  cont i nenta 1 i ty  with  proximity  to  the 
coastline.  The  data  show  tl\at  the  lowest  CCN  concentrations  (at  all  super- 
saturations  between  0.1  and  ^.O^)  were  observed  at  the  seaward  edge  of  the 
cruise  area  (presumably  clean  marine  aerosols),  while  the  highest  concen- 
trations were  measured  inside  the  Channel  Islands  between  Los  Angeles  and 
San  IHego  (presumably  continental/pollutant  aerosols  superimposed  on  a 
marine  background).  In  the  region  between  the  coastline  and  distant  offshore 
(i.e.,  the  general  area  of  the  Qiannel  Islands)  observ'ed  CCS  activity  spectra 
appear  to  be  "transitional"  between  the  primari ly-continental  and  clean 
marine  aerosols  of  the  respective  locations.  The  "transitional”  spectra 
(designated  by  the  square  and  triangular  symbols)  being  characterized  by  low 
concentrations  at  low  supersaturation  (presumably  larger-sized  marine  aerosols) 
and  high  concentrations  at  high  supersaturations  (presumably  smaller-sized 
combustion  and  photooxidation  products). 

2.4  Fluctuations  in  Clear-Air  Visibility 

A comj)arison  of  CCN  data  shown  in  Figure  8a  with  visibility  data 
in  Figure  4 for  that  portion  of  the  cruise  suggests  a general  correlation 
between  visibility  and  concentrations  of  CCS  active  at  0.2%  S (i.e.,  particles 
> 0.075  urn  dia,  dry  size).  Similar  features  are  also  evident  in  the  data 
presented  in  Figure  5.  As  expected,  in  general  but  with  some  exceptions, 
lower  visibilities  were  associated  with  higher  aerosol  concentrations. 

The  observed  relationship  between  aerosol  concentrations  and 
visibility  (scattering  coefficient)  is  more  clearly  demonstrated  in  Figure  13. 

In  the  figure,  it  is  seen  that  CCN  active  at  0.2°6  S exhibited  the  closest 
correlation  with  visibility  (at  visibility  levels  <50  km)  while  CCN  at  1.0%  S 
and  even  total  particle  (Aitken  .Nuclei)  concentrations  also  show,  to  a lesser 
degree,  some  correlation  with  visibility.  Data  presented  previously  in  Figure  9 
showing  that  nearly  all  the  particles  observed  during  the  cruise  were  active 
at  1.0%  S explains  the  correlation  between  visibility  and  Aitken  nucleus 
concentration. 
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Figure  12:  Areal  Distribution  of  Average  CQ!  Activity  Spectra.  Off  The 
Coast  of  Southern  California.  SeptB'BER-October  1976. 


Visibility  (V)  in  the  atmosphere  is  dependent  on  the  threshold  contrast 
of  a target  and  on  the  optical  iiroiu’rtics  of  the  intervening  air  and  is  usually 
described  by  the  Koschmiedcr  relation:  V=  3.91/(E,  where  6 is  the  atmospheric  ex- 
tinction coefficient.  Total  atmospheric  extinction  (6)  is  the  sum  of 
Rayleigh  scattering  (6^)  by  air  molecules  and  particles  small  (<  .05  um) 
comjiared  to  wavelength,  Mie  scattering  by  aerosols  of  size  (>0.  1 nm) 

comparable  to  wavelength,  and  absoqition  (a)  by  both  gaseous  and  particulate 
elements.  In  the  typical,  aerosol  - laden  boundary  layer,  6^.  and  a due  to  gas 
molecules  are  small  and  relativelv  constant,  and  6 is  sufficientlv  large  so 
that  and  a due  to  aerosols  can  be  neglected.  Since  6^  is  dependent  on  the 
refractive  index,  concentration  and  size  of  aerosols,  visibility  fluctuations 
in  the  atmosphere  become  primarily  dependent  on  the  integrated  fluctuations 
of  aerosol  composition,  concentration  and  size  in  the  .Mie  scattering  regime 
(e.g..  Ref.  Ifa,  17). 

Obviously,  in  view  of  aerosol-scattering  relationships,  aerosols 
(CON)  at  dry  sizes  of <0.1  um  will  have  less  influence  on  visibility  than 
particles  of  larger  size.  In  a recent  investigation  by  these  authors  in  the 
Ciulf  of  Mexico,  aerosols  of  diameter  >0.5um  (the  smallest  size  measured)  were 
found  to  be  closely  correlated  with  MRI  Nephelometer-measured  visibility 
restrictions  (Ref.  12).  However,  that  the  CCN  of  the  current  study  are 
aerosols  active  at  supersaturations  as  low  as  0.2%  S is  indicative  of  their 
deliquescence  properties  and  [lotential  response  to  changes  in  relative 
humidity  (Rll) . At  the  high  relative  humidities  typical  of  the  marine  boundary 
layer  (i.e.,  70-90%--see  Table  2,  Section  2.5)  hygroscopic  aerosols  (CCN) 
composed  of  sulfates,  nitrates  and  chlorides  (see  Section  2.b)  are  e.xpected 
to  exhibit  equilibrium  sizes  ^<2-3  times  larger  than  their  dry  sizes  (e.g., 

Kef.  18).  Thus,  the  measured  CCN  (dry  size  >0.075  um)  were  likely  existent 
in  the  ambient  conditions  at  sizes  >0.2  um  diameter  and  therefore  should 
exhibit  some  correlation  with  visibility. 
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Since  relative  humidity  can  be  expected  to  control  the  sizes  of 
hygroscopic  aerosols  (ft'N)  , it  follows  that  fluctuations  in  Kll  will  produce 
changes  in  visibility  through  a given  population  of  aerosols  (e.g.,  Ref.  12, 
17).  This  conclusion  is  substantiated,  in  part,  by  data  presented  in 
figure  5.  While  it  has  been  shown  previously  (Figures  .S  and  9)  that  number 
concentrations  of  CC.N  active  at  0.2’»  S are  grossly  correlated  with  visual 
range,  low  relative  huridity  on  20  September  apparently  prevented  severe 
visibility  degradation  during  a period  of  high  CCN  concentration.  Similarly, 
decreasing  Rli  on  29  and  30  September,  in  the  face  of  increasing  CCS  (at  0.2°6  Sj 
was  apparently  responsible  for  the  observed  increase  in  visibility.  Further, 
the  combination  of  increasing  Rll  and  increasing  CCS  concentration  from  2 
October  to  5 October  was  apparently  responsible  for  the  gradual  decrease  in 
visibility  observed  during  that  period. 

Similar  evidence  of  a dual  dependence  of  visibility  on  both  aerosol 
concentration  and  relative  humidity  is  presented  in  Figures  14  and  IS.  In 
the  figures,  detailed  observations  of  total  aerosol  concentration,  relative 
humidity  and  visibility  are  plotted  as  functions  of  time  for  two  selected 
lb-hour  periods.  (CCN  measurements  were  obtained  only  twice  during  each  of 
the  two  periods  shown  in  Figures  14  and  15).  In  Figure  14,  data  are  presented 
for  a period  on  9 .'uid  10  October  as  the  ACANIA  sailed  from  "vlSO  km  offshore  to 
near  the  coast  at  Vandenberg  (see  Figure  1).  Note  that,  under  conditions  of 
nearly  constant  Rll,  a rapid  and  sustained  increase  in  total  particle  concen- 
tration was  accompiinied  by  a rapid  decrease  in  visibility.  On  the  other  hand, 
data  in  Figure  15  suggest  that  a major  increase  in  relative  humidity  beginning 
at  about  2200  PUT  on  7 October  was  responsible  for  a decrease  in  visibility 
during  a period  of  highly-fluctuating  particle  concentrations. 

In  summary,  the  data  show  tliat  clear-air  visibility  fluctuations  can 
be  a result  of  a complex  combination  of  fluctuations  in  both  particle  con- 
centration and  relative  humidity.  Sufficient  data  were  not  obtained  in  the 
current  study  to  allow  exact  determination  of  the  relative  importance  of 
particle  size  and  comjiosition  on  visibility.  However,  of  the  two  parameters 
for  which  detailed  observation  are  available,  data  and  experience  suggest  that 
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Figure  14:  "Clear  Air"  Visibility,  Total  Particle  Concentraticn  and  feLATI^^ 
Humidity  for  tve  Period  1600  to  0800  PDT,  9- ID  October  1976 


Figure  15:  "Clear  Air"  Visibility,  Total  Particle  Concentratign  and  ^lative 
Himidity  for  t>€  Peri  CD  1800  to  1000  PUT,  7-8  October  1976 


relative  humidity  is  a more  conservative  parameter  than  is  aerosol  concen- 
tration, particularly  near  coastlines.  Hence,  variations  in  visibility  due 
to  the  influence  of  Rll  are  expected  to  be  more  conservative  than  those  due 
to  changes  in  aerosol  concentration.  That  is,  visibility  fluctuations  due 
to  changes  in  Rll  are  expected  to  be  long-term,  gradual  changes  whi le  those 
due  to  particle  concentration  can  be  extremely  rapid  as  illustrated  by  the 
data  in  Figure  15. 

2.5  Summary  of  (.eneral  Meteorological  and  I’hysical  (liaracteri st ics 

of  the  Marine  Boundar>’  l.aycr  off  Southeni  California  and  l lsewherc 

During  the  course  of  eleven  at-sea  and  four  coastal-site  field 
studies  conducted  since  IDTO,  Calspan  has  collected  a considerable  quantity 
of  data  describing  the  aerosol  population  and  other  characteristics  of  the 
marine  boundar>’  layer  (Ref.  1-4,  8-15).  In  earlier  studies  (Ref.  1-3,  8-10) 
attention  was  focused  on  the  physical  properties  and  formation  mechanisms  of 
marine  fog,  and  aerosol  data  were  acquired  as  auxiliary-support  information. 
In  more  recent  studies  (Kef.  4,  11-15)  including  the  current  invest igat i on , 
the  distribution  and  composition  of  the  aerosol  population  in  the  marine 
boundary- layer  have  become  the  primary  focus  of  our  at-sea  studies.  The 
aerosol- related  data  acquired  during  these  investigations  are  summarized 
in  Table  2. 

Table  2 provides  a synopsis  of  Calspan  data  describing  the  physical 
characteristics  of  the  marine  boundary  layer  (in  the  absence  of  fog)  at 
various  locations  around  the  world.  These  data*  include  typical  values  of 


•Relative  humidity  data  were  acquired  with  a sling  psychrometer  and  visibility 
and  scattering  coefficient  were  measured  with  an  MRl  Integrating  Nephelometer. 
Total  aerosol  concentration  was  monitored  by  a Cardner  Small  Particle  Detector 
aerosol  concentrations  for  sizes  >0.01  and  >0,10  pm  by  a Thermo  Systems 
Electrical  Aerosol  Analyzer;  concentrations  or  particles  of  "dry"  sizes 
>0.025  and  >0.075  by  a Calspan  thermal  gradient  diffusion  chamber;  and 
concentrations  of  particle  sizes  >0.5  pm  by  a Royco  Optical  Particle  Counter. 
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Table  2:  Aerosol-I^uted  Characteristics  of  the  Marine  Boundary 


Uh  it  i on 


Distance 


RcT.  l)at  c Mt*t  voTo  1 ogi  ca  1 Va  ri  ah  Ics 


Pacific  Uoast  of  Wash. 
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hast  Coast,  USA 

S.  Calif.,  USA 
N.  Calif.  , USA 
S.  t;alif.  , USA 
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Nova  Scotia 
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SW  Coast  of  hurope 
SW  Coast  of  hurope 
SW  Coast  of  hurope 
Western  MeJiterr. 
Central  Mediterr. 


0.1  Km 
r 5 km 
1.4  km 

20  km 
Air  20  km 

.^00  km 
200-400  km 

0-15  km 
15-150  km 
0-50  km 

100-300  km 
100  km 

150-500  km 
50-150  km 
0-50  km 


s. 

Calif.  , 

USA 

0-50  km 

s. 

Calif.  , 

USA 

50-150  km 

s. 

Ca  1 i f . , 

USA 

150-500  km 

Rii 

1 {%) 

Vsbv. 

(kmj 
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(!oeff . 

( lO^m  1 

8 

Feb  70 

y 

Nov  71 

9,  10 

72 

OFFSHORE  

12,  13 

Feb  77 

b7-98 

15-80+ 

0. 5-3.0 

12,  13 
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41-76 

25-65 

0. 7-2.5 

4 

Aug  75 

4 

Aug  75 

1 . 3 

Aug  72 

2,  3 

Aug- 
Sept  74 

15 

■Jul  77 

76-98 

6-80+ 

0.  7-8.0 

14 

.^u^i'  77 

65-75 

60-80+ 

0.3-0. 8 

14 

MaV- 
iii;,  77 

67-87 

20-80+ 

0.3-2. 2 

14 

Tlay^^ 
dun  77 

48-77 

70-80+ 

0.23-0.6 

14 

May- 
Juii  77 

73-83 

30-50 

0.9-  1.5 

14 

May  - 
Juh  77 

73-82 

17-25 

1.9-2. 7 

14 

May- 
Juh  77 

72-89 

16-80 

0. 6-3.0 

14 

May- 
Jun  77 

65-80 

60-80+ 

0.55-0. 7 

14 

77 

67-73 

25-45 

1.0- 1.9 

* 
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0(4  7b 

70-95 

5-30 

1.5-9. 5 

* 

70-95 

8-60 

0. 8-6.0 

* 

IFTT 

70-95 

15-80+ 

0.55-3.  1 

1 

Data  From  Current  Study 


Layer  at  Various  Locations  (In  the  Absence  of  Fog) 


Aerosol  Concent  rat i ons 
(No./on^  Larger  Than  Indicated  Diameter) 

Total  CCN  (Dry  SiieJ 

>.0025  am  >.025  urn  >0.075  ,ini  >0.  1 um  >0.3  gm  >0.5  lim  >1.2  urn  >1.4  am  >3.0  urn 
530  230 

3000  

''^'’‘*4000  f 600  200-300 
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1 

o 

.02-.. 35 

.15-1.2 

0 

1 

o 
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1350 
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380 

180 
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50 

20-390 


500 


1.8 

-12. 

5.4 

-40 

2.  1 

-9.0 

13 

-21 

50 

-60 

10 

-60 

6.8 

-11 

14- 

27 

0. 

34 

-1 

.4 

0. 

,7- 

6. 

4 

0. 

,6- 

3. 

0 

1. 

,4- 

3. 

2 

4, 

,6- 

6. 

1 

1.4-1. 7 


1.6-2. 9 


,007-. 21 


.03- 

. 18 

.07- 

.36 

.04- 

.30 

.03- 

.06 
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.21 

0 

1 

.21 

.06- 

. 10 

.09- 

.20 

400-2200 

90-1000 

400-  100  0 

40-250 

100-400 

20-170 

relative  humidity,  visibility  and  scattering  coefficient,  and  cumulative 
aerosol  concentrations  at  representative  size  intervals  spanning  a range  of 
about  three  orders  of  magnitude  (i.e.,  from  >0.0025  urn  to  >3,0  ymj . All  of 
the  over  water  data  were  obtained  at  heights  within  20  m of  the  sea  surface. 

It  should  be  noted  that  tlie  data  presented  were  obtained  over  different  time 
intervals  at  the  different  locations.  For  example,  the  Transatlantic/ 
Mediterranean  data  of  May  1077  are  'v24  hour  averages,  while  the  remainder  of 
the  data  are  averages  over  longer  periods,  i.e.,  up  to  four  weeks.  For  this 
reason,  where  available,  the  typical  range  of  fluctuation  for  each  parameter 
is  given  rather  than  an  average. 

Ihe  data  show  that  considerable  variations  in  aerosol -re lated 
par.imeters  occur  in  the  marine  boundary  layer.  Temporal  variations  approach 
the  scale  of  spatial  variations,  no  doubt  reflecting  the  major  influences  of 
wind  speed  and  direction,  fetch,  sea  state,  relative  humidity  and  air  mass 
history.  Climatclogies  such  as  that  represented  by  Table  2 will  obviously 
require  repeated  observations  as  functions  of  meteorological  conditions  before 
they  can  be  considered  representative. 

2.6  (Themical  Composition  of  Boundary  Layer  Aerosols 

Luring  the  September-October  1976  cruise,  samples  of  atmospheric 
aerosols  were  collected  nearly  continuously,  weather  and  winds  permitting. 

The  samples  were  obtained,  utilizing  a hi-vol  filter  technique,  on  10  cm 
diameter  Tissuquartz  filters* and  subsequently  analyzed  by  standard  analytical 
techniques  in  Calspan's  Chemistry  Laboratories.  A description  of  analysis 
procedures  may  be  found  elsewhere  (e.g..  Ref.  4). 

Two  samjilers  were  operated  simultaneously  on  the  bow  platform,  as 
far  forward  on  the  ship  as  possible  and  at  a height  of  5 m above  the  sea 
surface,  A great  deal  of  care  was  taken  to  ensure  that  samples  not  be  con- 
taminated by  ship's  exhaust  and  environment  or  by  sea  spray;  any  obviously 
contaminated  samples  were  discarded.  Sampling  periods  ranged  from  1.5  to  9 
hrs,and  the  samplers  were  operated  at  a flow  rate  of  "vO.S  m^  min  In  toto, 
data  were  obtained  at  57  samjjling  sites,  *0  of  which  are  designated  by  circles 
in  Figure  16,  Results  of  the  chemical  analyses  of  these  samples  are  tabulated 

in  Appendix  B. 

•Pall  flex  Corp.,  No.  2500  QAO 
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Figure  16:  Uxation  of  Hi-Vol  Bulk  /^rosol  ftAsuRE'OiTs.  (Heavy  dashed  line 

SEPARATES  "NEAR  SHORE"  SA^PL£S  FROM  "AT  SEA"  SAPPLES.) 


With  a few  exceptions  due  to  s;iin{)ler  malfunctions,  two  sam})les 
were  obtained  at  each  of  the  sites  indicated  in  figure  Ifa.  /Vialytical 
analyses  were  performed  for  SO^  , Cl  , Nil^  , Na,  A1  , NO^  , K,  Mg  and  Ca, 
and  after  adjustment  for  filter  background,  the  data  from  the  two  samjiles 
at  each  site  were  averaged  to  produce  the  values  tabulated  in  Appendix  B 
and  illustrated  in  figures  17-20.  figures  17  to  20  show  the  areal  distribution 
of  selected  chemical  comiionents  (Cl  , Na , SO^  , and  NH^*,  respectively)  of 
the  ambient  air  mass  aerosols  sampled  during  the  cruise.  I'rom  these  data  it 
is  obvious  that  absolute  concentrations  of  the  various  constituents  varied 
considerably  over  the  cruise  area. 

based  on  geography  and  attendant  meteorological  conditions,  the  data 
were  grouped  into  two  categories:  i.e.,  "near  shore"  and  "at  sea"  as  defined 
by  the  heavy  dashed  line  shown  in  figure  16.  The  data  from  each  of  these 
respective  groups  were  averaged  and  are  comiiared  in  Table  3 with  similar  data 
obtained  on  a previous  cruise  off  the  Last  Coast  (Ref.  4).  With  respect  to 
the  Califoniia  offshore  data,  as  expected,  constituents  of  presumably 
continental  origin  (i.e.,  SO^  , Nll^*,  NO^  , Ca,  Al)  were  present  in  greater 
concentrations  in  the  "near  shore"  samjiles.  Average  Cl  , concentrations,  on 
the  ottier  hand,  were  greater  in  the  "at  sea"  samples,  while  Na,  Mg  and  K were 
observed  ,.n  nearly  identical  concentrations  in  the  two  groups. 

At  the  bottom  of  Table  3,  data  are  shown  which  were  obtained  by 
similar  techniques  during  a cruise  to  the  vicinity  of  Nova  Scotia  in  which 
only  aged  continental  air  masses  were  encountered.  Comparison  of  the  current 
West  Coast  data  with  those  of  the  previous  East  Coast  study  reveals  some 
significant  differences.  In  the  highly  maritime  air  masses  off  the  West 
Coast,  Cl  , Na  and  Mg  (the  primary  constituents  of  sea  water)  were  found  in 
substantially  greater  concentrations  than  were  observed  off  the  East  Coast 
in  the  absence  of  a significant  marine  input.  On  the  other  hand,  SO^  , Nll^*^, 
and  Al  were  found  in  greater  concentrations  off  the  East  Coast--i.e.,  downwind 
of  the  continent. 
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Figi^  17:  Absolute  Ccticen-RATiorj  („G/f^)  of  Cl  C^tained  by  IIi-Vol  Aerosol  S^les 

AT  Indicated  Ldcatiws,  ^fsuore  SouTrcRrj  Califortjia,  SEPTETBER-^OaceER  1976. 


PLOT  OF  SHIP'S  im.  TO  TJC 


CorjcerTRATiaj  (.G/rr)  of  S0^~  CbiAiNED  by  Hi-Vol  ^rosol  Sa'^les 
>TED  LiX:ATIONS>  OFFSHORE  SOOTHERN  CALIFORNIA^  SEPTE^BER-OCTCeER  1076. 


Absou/te  Concentration  ('.G/Nr^)  of  CfeTAiNEC  by  Hi-Vol  I^rosol  Snails 
AT  Indicated  Locations,  Offshore  Southern  California,  S£PTE^B£R-OcTQBER  1976. 


Table  3 Average  Concentrations  of  Selected  Constituents  of  Hi-Vol 
Aerosol  San^jles  Collected  Off  the  East  and  West  Coasts 


^4 

to 

rt 

to 

O 

r j 

O 

o 

r J 

<"4 

00 

rO 

o 

O 

o 

to 

ot 

to 

o 

Tt 

o 

Oi 

ri 

r4 

r 

to 

r-x 

to 

o 

-H 

o 

Tf 

cn 

to 

(N 

04 

o 

04 

04 

rsi 

O 

O 

to 

V 

V 

l/J 

•t 

o 

o 

(N 

00 

«s 

•H 

a 

p 

c 

C 

u 

o 

o 

o 

44 

<4-1 

4-1 

</> 

•H 

f-H 

•H 

4-1 

4h  S 

<9 

CO  a> 

O 

(d 

4^  1 

U 

u C 

•H 

O C 

* 

rx 

o 

44 

44 

O 

Oi 

P : 

lO  t/i 

o 

•»  44 

C (9 

c/3 

Ox  fb 

o 

o oo 

9) 

a\  o 

CO 

44  C 

■ 

JZ  {/) 

^ »-• 

-H  u 

3 .r4 

44 

o 

W 

44  (Q 

o JZ 

o 

3 44 

3 

4^  44 

> 

(0 

(b 

1 

O < 

O Z 

44 

o 

C 

o 

w 

c/>  r 

CO  Z 

3 O 

z 

UJ  2 

u 

a 

oo 

0) 

(/) 

5 

I' 

r 


AdiJition.il  insight  into  tlif  overall  chemical  characteristics  of 
the  aerosols  observed  off  Southern  California  is  provided  by  the  Sodium 
ratios  of  the  various  constituents  of  the  aerosols.  In  figure  21,  measured 
concentrations  of  Cl  are  plotted  against  measured  concentrations  of  Na  for 
each  sample.  fhe  symbols  delineate  the  "at  sea”  and  "near  shore"  data,  and 
the  solid  line  represents  the  sea  water  value  of  the  Cl  /Na  ratio  (1.8). 

Note  that  "at  sea,"  Cl  /Na  ratios  are  grouped  about  the  sea  water  value, 
while  the  "near  shore"  data  suggest  either  an  increase  in  Na  (with  respect  to 
(!!  ) or  a decrease  in  Cl  with  respect  to  Na. 

Sodium  ratios  for  all  constituents  and  all  samples  are  tabulated 
in  .Appendix  B and  shown  for  selected  constituents  in  figure  22.  In  figure  22 
the  Sodium  ratios  for  .Mg,  Cl  , and  SO  are  differentiated  witli  respect  to 
"at  sea"  and  "near  shore"  data  and  comjiared  with  respective  sea  water  values, 
fhe  data  show  that  Mg/Na  ratios  were  nearly  identical  and  approximated  the 
sea  water  value  (0.12)  in  both  sainjile  sets,  suggesting  that  Na  concentrations 
of  aerosols  originating  from  the  sea  remained  constant  over  the  cruise  area. 

The  data  in  Table  3 show  that  average  Na  concentration  was  the  same  in  the 

"near  shore"  and  "at  sea"  sections  of  the  cruise  area,  implying  that  a loss 

of  Cl  with  respect  to  Na  occurred  in  the  aerosols  existent  in  the  near  shore  region 

•A  mechanism  wliereby  the  presence  of  NaCl  in  solution  droplets  would 
cause  an  increase  in  the  oxidation  rate  of  SO.,  and  in  the  process  release 
chlorine  as  hydrogen  chloride  to  the  atmosphere  has  been  hypothesized  (Kef.  19). 

In  support  of  this  hypothesis,  gaseous  SO^  would  be  expected  in  higher  con- 
centrations (on  the  average)  near  shore.  While  SO^  was  not  measured  during 
the  cruise,  SO^  , (arising  from  the  oxidation  of  SO,)  was  found  in  the  "near 
shore"  samjiles  iii  average  concentrations  approximately  three  times  greater 
than  the  average  of  the  "at  sea"  samples  (fable  3).  further,  data  in  figure  22 
show  that  SO^  /Na  ratios  were  consistently  higher  than  the  sea  water  value 
in  the  "near  shore"  data  and  occasionally  higher  in  the  "at  sea"  data.  When 
plotted  as  a function  of  the  Cl  /Na  ratio  for  each  sample,  as  shown  in 
figure  23,  high  SO^  /Na  ratios  were  found  consistently  associated  with  low 
values  of  the  Cl  /Na  ratio;  although  low  values  of  Cl  /Na  were  not  necessarily 


42 


I 


I 

I 

f 

I 

f 

I 

f 


f 

f 

f 

r 

I 

I 


Figure  21  CONCENTRATIOTJ  OF  Cl’  A FUCTION  OF  Ma  IN  AEROSOL 
SATPlfS  COLLICTED  OFFSHORE  SOUTIERN  CALIFORNIA  DURING 
CEWOOM.  SEPT.-  OCT.. 1976. 
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Figure  22  SODIUM  I^TIOS  (x/TM)  FOR  Mg.  a . AflD 

/tItBOL  SATRES  COLLECe  BY  HI-\R  FILTER 
TECHIIIQUE.  OFFSHORE  SOUTHERN  CALIFORNIA 
DURING  CBm  SEPT.-Oa..  1976.  (Data 

ARE  DIFFERENTIATED  WITH  RESPECT  TO  NEAR- 
SHORE AND  AT-SEA  SATf^LES.) 
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Figure  23  PUJT  OF  SODIUM  RATIOS  ( Cl’/IIa  vs.  SOf /Na  ) FRDf’1  BUU<  AEROSOL 
SATRES  CBTAINED  OfRHORE  SOUITCRN  CALIFORNIA  DURING  CEWC0M-J976. 
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associatoU  with  hijjh  values  of  SO^  /Na.  These  data  sajj^est  that  the 
nK'chanism  may  have  been  operative  and  responsible  for  a loss  of  Cl  and  a 
major  change  in  the  comjios  i t i on  of  marine  aerosols  approaching  the  coast. 

2.7  l-jg  .'■li  crophys  i cs  and  log  hater  Comjiosition 

During  the  cruise,  six  fogs  were  encountered  in  which  data  including 
drop  si:e  distribution  and  visibility  and  samples  of  fog  water  were  obtained. 
I'he  fogs  were  observed  on  27-28  .September  and  on  5,  8,  9,  13  and  14  October 
197b,  and  their  locations  are  depicted  in  ligurc  1.  All  data  were  reduced, 
except  for  the  fog  of  14  October,  ;»nd  the  visibility  records  and  drop  spectra 
for  these  fogs  are  provided  mi  Appendix  C.  Micrometeorological  data  and  a 
discussion  of  probable  formation  mechanisms  are  presented  in  Section  3. 

The  microphysics  data  for  the  observed  fogs  (except  that  of 
14  October)  arc  summari:ed  in  Table  4.  In  some  of  the  fogs  (i.e.,  those  of 
27-28  September  and  13  October),  characteristics  varied  considerably  from  one 
area  of  the  fog  to  anotlier,  and  data  from  individual  portions  of  the  fogs  are 
averaged  separately;  in  the  situation  of  8 October,  possibly  two  separate  fogs 
were  encountered.  With  the  exception  of  the  fog  of  5 October  and  the  second 
fog  of  8 October,  the  cliaracteri st i cs  of  these  fogs  were  similar  to  those 
previously  observed  by  those  authors  off  the  West  Coast  (Ref.  1-4). 

The  fogs  of  5 October  and  8 October  were  observed  closest  to  land  of  any  of 
those  observed  during  the  current  cruise,  and  both  exhibited  microphysical 
characteristics  more  closely  resembling  those  of  Nova  Scotia  fogs  (Ref.  4); 
i.e.,  they  were  characterized  by  low  visibilities  and  high  concentrations  of 
small  droplets. 

In  addition  to  microphysics  data,  ^<370  ml  of  fog  water  were  collected 
with  the  Calspan  I'og  Water  Collector  for  analysis  of  chemical  composition. 

The  samples  were  collected  in  5-7  ml  increments  over  5-15  minute  intervals 
(depending  on  fog  density)  and  composited  into  'v20  ml  bulk  samjiles.  The 
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samjiles  were  then  further  combined  to  produce  larger  composite  samples 
corresponding  to  the  fog  events  designated  in  Table  t . Subsequent  :uialysis 
at  Calspan  utilited  the  same  analytical  techniques  as  were  used  for  the  hi- 
vol  aerosol  samjtles. 

Results  of  the  chemical  analysis  of  the  composite  fog  water  samples 
arc  presented  in  Tables  5 and  b.  (Only  a small  quantity  of  water  (insufficient 
for  analysis)  was  collected  in  the  fog  of  5 October;  and  fog  water  composition 
for  the  fog  of  11  October  is  shown,  whereas  microphysics  data  for  this  fog 
were  not  analyzed.)  In  Table  5,  the  absolute  concentrations  of  the  constituents 
of  the  fog  water  sam]iles  are  compared  with  average  data  from  Nova  Scotia  fogs 
(Ref.  4).  In  Table  fa,  these  data  arc  normalized  with  respect  to  Na  concen- 
tration and  comjiared  with  that  of  textbook  sea  water.  It  is  immediately 
evident  from  these  data  that  concentrations  of  the  chemical  constituents  varied 
considerably  from  fog  to  fog;  in  some  fogs  exhibiting  Na  ratios  similar  to 
that  of  sea  water  and  in  others  more  closely  resembling  those  observed  in 
Nova  Scotia  fogs.  In  all  of  the  West  Coast  fogs,  the  SO^  /Na  ratio  was 
much  greater  than  that  of  sea  water  and  the  Cl  concentrations  were  much 
greater  than  those  observed  in  Nova  Scotia  fogs. 

Comjiarison  of  data  presented  in  Tables  4,  5 and  6 provide  some  i.isight 
into  tne  aerosol  responsible  for  nucleation  of  those  fogs.  Applying  the  liquid 
water  contents  observed  during  the  periods  in  which  fog  water  samples  were 
collected  and  assuming  that  the  log  Water  Collector  collects  fog  water  quanti- 
tatively*, the  fog  water  concentration  data  may  be  used  to  estimate  airborne 
concentrations  of  these  constituents.  Results  of  such  calculations  for  fog 
events  in  which  both  microphysics  and  composition  data  are  available  are 


•The  nominal  50%  collection  cutoff  for  the  Fog  Water  Collector  is  "vS  urn 
radius  (i.e.,  fewer  than  50%  of  the  droplets  smaller  than  that  size  are 
collected).  None  of  the  droplets  < 1.5  gm  radius  are  collected. 
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Table  b Sodium  Ratios  (X/Na)  for  Constituents  of  f-o^  Water  Obtained 
Off  Coast  of  Southern  Califoniia,  Sentember-October  1976 


Nova  Scotia  Fogs  0.5  0. I - .03  .08  .05  .04 


t 


I 

I 
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jircscnted  in  Table  7.  Comjiarison  of  these  computed  values  with  average 
data  presented  in  Table  3 and  those  of  individual  samples  in  Appendix  B 
suggests  that  the  fog  "scavenged"  or  was  nucleated  by  approximately  1/3 
to  of  the  available  aerosol  mass  containing  these  constituents.  Further, 
these  calculations  show  that,  in  each  of  the  two  fogs  (27-28  .‘September  and 
8 October)  which  could  be  partitioned  due  to  differences  in  the  physical 
features  of  respective  portions  of  the  fog,  the  absolute  chemical  character- 
istics (.i.e.,  airborne  concentrations  of  various  chemical  constituents) 
remained  relatively  uniform  throughout  a given  fog.  Similar  results  have 
been  obtained  previously  by  these  authors  (Ref.  2-4). 

The  chemical  composition  of  fog  water  collected  off  the  West  Coast 
during  September-October  1976  may  be  summarized  as  follows:  (1)  sulfate, 
jmmomum  and  calcium  were  highest  in  the  fogs  observed  closest  to  land  as 
was  the  case  for  Nova  Scotia  fogs;  (2)  average  sulfate,  calcium  and  magnesium 
concentrations  were  comparable  off  both  coasts;  (3)  chloride  and  ammonium 
concentrations  were  considerably  higiier  off  the  West  Coast  while  sodium 
concentrations  were  liighest  off  the  Cast  Coast;  (4)  aluminum  and  silicates 
were  below  minimum  detectable  levels  in  fog  water  at  both  locations;  (5)  the 
sodium  ratios  suggest  that  the  constituents  of  fog  water  off  the  West  Coast 
were  primarily  of  sea  salt  origin,  but  a major  contribution  by  SO,  oxidation 
products  was  also  found;  (6)  concentrations  of  SO,  , Cl  , Na,  Nil,*,  K,  and 
Ca  incorporated  in  fog  drops  were,  on  the  average,  a factor  of  2-3  lower  than 
the  total  airborne  concentration  measured  by  the  hi-vol  technique. 
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Section  3 

CAsr  sTutulis  01-  F0(;  occurri  ncl  oi-i-  thi;  coast  of 

SOUTIIIRN  CALIFORNIA  DURINC,  SLI’TFMBLR- OCTOBER  1970 

A secondary  objective  of  the  CFWCOM-76  cruise  off  the  coast  of 
Southern  Califoniia  was  to  continue  our  studies  (Ref.  1-4)  of  the  micro- 
I’hysical  and  mi crometeoro 1 ogi cal  properties  of  marine  fog.  During  the 
cruise,  fogs  were  encountered  on  27-28  September  and  5,  8,  9,  13,  and  14 
October  at  locations  shown  on  the  charts  in  Figure  1.  In  the  fogs,  con- 
tinuous observations  of  visibility,  sea  surface  tenperature,  air  temperature 
and  dew  point  were  recorded.  In  addition,  frequent  measurements  of  drop 
sice  distributions,  wet  and  dr>'  bulb  temperatures  and  winds  were  obtained 
along  with  collections  of  fog  water  samples  (for  chemical  analysis).  The 
visibility,  temperature  and  drop  spectra  records  for  each  of  these  fogs 
(except  for  the  fog  of  14  October)  are  provided  in  Appendix  C;  fog  micro- 
physics  and  analysis  of  fog  water  samples  were  discussed  in  Section  2.7. 

In  this  section,  pertinent  meteorological  features  of  three  of  these  fogs 
are  discussed. 

3. 1 The  Fog  Event  of  27-28  September  1976 

The  fog  of  27-28  September  was  initially  encountered  at  mid-day  over 
the  open  ocean  approximately  300  km  from  land.  First  observed  as  patchy/ light 
fog  at  'vllSO  POT  27  September  during  a frontal  passage,  the  fog  persisted  for 
approximately  20  hours.  Fig.  24  shows  a satellite  photograph  of  the  area  at 
0915  and  the  position  of  ACA.NIA  at  0900,  just  prior  to  the  frontal  passage. 

The  cold  front  with  which  the  fog  was  associated  was  oriented  north-south 
along  the  124  W meridian,  and  a second  cold  front  which  moved  through  during 
the  28th  may  be  seen  along  the  131  W meridian.  The  track  of  AC.VNIA,  periods 
of  reduced  visibility,  and  wind  observations  obtained  during  the  event  are 
shown  in  Fig.  25.  The  visibility,  air  temierature , and  droplet  data  for  this 
fog  may  be  found  in  Figures  C-1,  C-2,  and  C-3  in  Appendix  C. 
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Figure  24  SATLLLIH:  PIIOTOGRAPII  FOR  OOISPHT  27  SFPTDKR  1076 
siia/i:iG  LOCATiai  of  ac^oia  .™n  1976 
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Figure  25  SHIP'S  TRAQCWIflDS  AflD  FOG  EPISODES  FOR  27-28  SEPTHBER  1976. 


As  shown  by  the  data  in  l iKure  25,  winds  were  strong  ('“8  tn/sec) 
southerly  ahead  of  the  front,  and  as  the  front  passed,  AC.ANI  A experienced 
a iieavv  ram  shower.  Behind  the  front,  surface  winds  were  light  westerly 
during  the  afternoon  until  I'i’OO  I’UT.  Ihe  ACA.M  A cruised  in  and  out  of 
individual  fog  I’atches  and  finally  west  and  out  of  the  main  area  of  fog  by 
1~15  I'Ur.  By  1800,  the  winds  had  shifted  to  southerly  as  the  second  front 
approached.  I'he  AC/\M  \ again  entered  the  ‘og  at  1900  PUT,  experiencing 
heavy  drictle  and  the  densest  fog  (visibility  -ISO  m)  of  the  entire  episode. 
After  an  excursion  out  of  the  fog  between  2030  and  2300,  the  fog  was  entered 
again  at  2300  and  tracked  continuously  until  0900  on  the  28th,  except  for 
another  brief  excursion  out  of  the  westeni  edge  of  the  fog  between  0230  and 
04  30. 

Vertical  teinjicraturc  profiles  obtained  by  radiosonde  during  the 
frontal  passage/fog  event  of  27-28  September  are  presented  in  Figure  26. 

The  soundings  of  0445/27  and  1300/27  were  obtained,  respectively,  prior  to 
and  during  the  frontal  passage  and  exhibit  neutral  to  slightly  stable  charac- 
teristics from  the  surface  to  an  altitude  greater  than  2000  m.  The  remaining 
three  soundings  were  taken  in  the  fog  area  and  show  that  low-level  inversions 
developed,  probably  as  a result  of  radiational  cooling  of  the  fog  (Ref.  1-4). 
This  conclusion  is  substantiated  in  part  by  the  observation  that  air  temperature 
above  the  inversion  (e.g.,  at  800  m)  remained  nearly  constant  for  the  five 
soundings,  while  just  beneath  the  inversion  (at  a height  of  '^350  m)  air 
temperatures  were  •vl.5°C  cooler  in  the  three  in-fog  soundings.  Two  of  the 
in-fog  soundings  (at  1620/27  and  0442/28)  show  the  base  of  the  low-level 
inversion  at  an  altitude  of < 400  m,  a previously  observed  necessary  condition 
for  marine  fog  off  the  California  coast  (Ref.  3,  20,  and  21).  The  1915/27 
sounding  was  taken  during  a period  of  intense  drizzle  and  in  the  lowest 
visibility  of  the  fog  event.  Satellite  photographs  for  the  specific  period 
suggest  the  presence  of  cumulus  congestus  clouds  in  the  area,  and  it  is 
suspected  that  the  drizzle  and  the  raised  inversion  of  1915/27  sounding  were 
related  to  these  clouds. 
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Durinit;  the  tin.il  penetration  of  the  foj;  from  0400  to  0000  PUT,  a 
period  ( or>0i>-0i>30 ) of  less  dense  fo>;  characterised  by  h i }>h- frequency  fluctua- 
tions in  visibility  was  ob-erved.  Vs  shown  liy  the  visibility  record  in 
li>;ure  J”,  minimum  visibilities  were  'vlSOU  m durinj;  the  period  0505-0030 
comiiared  to  s,  150  m both  east  and  west  of  that  portion  of  the  fo>j.  In  the 
region  of  improved  visibility,  liquid  water  content  and  droplet  concentrations 
were  reduced  to  levels  preventing;  the  acquisition  of  statistically  meaningful 
droplet  spectra.  Sea  surface  temperature  and  wind  data,  provided  in  PiKure  27, 
show  th.it  the  area  of  imiiroved  visibility  was  located  downwind  of  a local  warm 
spot  in  the  sea  surface.  Apparently  heatiii};  by  the  warmer  water  reduced  the 
liquid  water  content  (by  evaporation)  of  the  foj;  and  increased  the  turliulcnce 
intensity  (Kef.  22  J rise  to  improved  visibility  and  to  the  high  frequency 

fluctuations  in  visibility. 

Briefly  sunimari  :ing,  the  exact  mechanisms  responsible  for  triggering 
the  fog  of  27-28  September  arc  unknown.  The  fog  developed  behind  a weak  cold 
fri'iit  and  persisted  for  at  least  20  hours  after  the  initial  encounter.  Patchy 
at  first,  the  fog  intensified  after  sunset.  Air  temperatures  in  the  fog  were 
everywhere  cooler  than  that  of  the  sea  surface,  becoming  even  colder  during 
nocturnal  hours.  In  the  presence  of  the  fog,  a low-level  inversion  was 
establ i shed- -once  again  indicating  the  influence  and  importance  of  radiative 
cooling  on  marine  fog  processes.  Into  to  a wind  shift  ahead  of  a second, 
approaching  cold  front,  a portion  of  the  latter  stages  of  the  fog  was  advected 
over  water  v-0.5C  w.iriiier  than  tliat  with  wliich  the  fog  had  been  in  equilibrium. 
Increased  instability  gave  rise  to  an  increase  in  turbulence  intensity  which, 
along  with  increased  heating,  was  apparently  responsible  for  partial  dissipation 
of  the  fog  and  an  increase  in  general  levels  of  visibility  from  400  to  1500  m 
in  that  portion  of  the  fog. 
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Figure  27  SE.'\  SURFACE  ISORIERfS.UIilDS  /VID  VISIBILITY  FOR  FOG  '/IIIGI  PASSED  OVER  l/ARn  WATER  PATCI. 


5..’  The  fog  of  9 October  197b 

The  fog  of  9 October  was  encountered  at  mid-moming  as  the  ATANIA 
was  steaming  westward  along  35  N near  122  W,  'cSS  km  west  of  Vandenberg.  The 
visibility,  air  temperature  and  drop  spectra  records  for  this  fog  are  pro- 
vided in  ligures  C-10,  C-ll  and  C-12  in  Appendix  C.  The  air  temjierature  data 
for  a 43  km  long  portion  of  the  westward  track  (see  figure  1),  including  the 
-.20  km  wide  fog  (surface  visibility  restriction),  are  presented  in  Figure  28. 

The  temperature  data  show  that  the  air  was  always  colder  than  the  sea  surface 
and  that  a lapsed  temjierature  profile  persisted  at  low  levels  throughout  the 
event,  with  the  most  intense  lapse  rate  occurring  in  the  fog  at  0900  I’l'T.  Radio 
sonde  data  obtained  at  1011  PDT  show  that  the  lapsed  conditions  extended  to  the 
base  of  an  inversion  (and  hence  fog  top)  at  an  altitude  of  260  m at  that  time. 
Kinds  during  the  entire  westward  track  were  north-northwesterly  at  7-9  m sec"^. 

Figure  29  shows  the  time  series  of  visual  cloud  observations,  surface- 
level  visibility,  and  inversion  height  as  measured  by  the  NFS  acoustic  sounder 
(Kef.  23)  for  the  fog  event  of  9 October.  The  acoustic  sounder  data  show  that 
the  height  of  the  inversion  base  gradually  increased  from  100  m to  'v275  m above 
the  surface  from  the  east  to  the  west  side  of  the  fog;  whether  the  change  in 
height  of  the  inversion  was  temporal  or  spatial  is  unknown.  Visual  observations 
indicate  the  following  sequence  of  events  under  previously  cloud-free  conditions 
stratus  formed  aloft  at  between  0730-0740  PUT,  thickened  to  produce  fog  and 
initial  visibility  restriction  (vsby<6000  m)  at  the  surface  by  0810,  gradually 
thinned  and  lifted  from  the  surface  by  1228,  and  went  to  broken  by  1255.  The 
air  temperature  record  (Figure  28)  shows  that  cooling  occurred  first  at  the 
upper  levels  (18.5  m)  of  the  instrument  tower,  beginning  at  'v0755,  15  minutes 
before  the  visibility  restriction  was  measured  at  the  5 m level.  Thus,  these 
data  fully  support  earlier  observations  of  fog  formation  by  the  radiative 
cooling  and  thickening  stratus  clouds  (Ref.  1). 
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Figure  28  SE^  SURFACE  TEPERATURE  .^ID  AIR  THPERATURES  FOR  FOG  OF  9 OCTOBER  1976 
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In  an  effort  to  Jcf'rminc  the  mechanism  responsible  for  formation 
of  the  stratus  cloud,  the  lifting  condensation  level  (I-CI,J*  was  computed  from 
surface  observations  (wet/dr\'  bulb  temperatures)  obtained  during  the  9 October 
event.  Computed  l.l  L is  shown  by  the  dashed  line  in  ['igure  29  as  a function 
of  time  during  the  westw.ird  track.  Comparison  of  tlic  relative  heights  of  the 
inversion  base  and  tlv  U.'I,  in  figure  29  clearly  demonstrates  that  the  stratus 
formed  when  the  inversion  height  rose  substantially  above  the  LCI.  height  after 
-0730  and  began  to  dissipate  when  the  inversion  base  and  l,CL  converged  at 
-cl 245  PUT. 

In  sununary,  fog  was  again  observed  to  form  at  sea  as  a result  of 
stratus  lowering  (thickening).  Stratus  formation  and  subsequent  fog  develop- 
ment was  observed  at  si'a  to  occur  under  conditions  suggested  by  previous 
investigators  (Kef.  20,  24)  for  some  California  fogs  on  shore.  .knderson 
(Kef.  20,  1931)  and  Petterssen  (Kef.  24,  1938)  examined  the  correlation  between 
the  LCI.,  inversion  height  and  fog-stratus  occurrence  and  found  that  when  the 
LCL  was  above  the  inversion,  fog-stratus  would  not  form  in  the  California 
marine  boundar>'  layer. 

I'he  imiiortancc  of  the  observations  lies  in  the  rapidity  with  which 
the  inversion  height  changed  and  triggered  the  stratus  and  subsequent  fog 
occurrence.  While  the  dependence  of  fog  occurrence  on  the  mean,  absolute 
height  of  the  inversion  has  been  long  recognized  (Kef.  2,  20,  21),  the  current 
observations  indicate  that  short-term  fluctuations  in  the  height  of  the  inversion 
may  be  of  equal  importance  to  the  occurrence  of  fog  at  sea;  certainly  the  short- 
term fluctuations  will  be  more  difficult  to  detect  and  forecast. 

The  change  in  inversion  height  is  an  important  consideration  in  the 
operational  performance  of  electro-optical  equipment  even  when  the  inversion 
remains  below  the  LCL.  The  increase  in  maximum  relative  humidity  accompanying 
an  increasing  inversion  height  will  cause  enlargement  of  hygroscopic  aerosols 


•The  LCL  is  defined  as  the  height  at  which  condensation  will  occur  in  surface  air 
when  it  is  lifted  dry  adiabatically. 
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and  a consequent  increase  in  optical  density  beneath  the  inversion  (see  Section 
2 of  this  report).  lurther,  the  height  of  the  inversion  layer  controls  the 
length  of  the  optical  propagation  path  in  many  air-to-sea  naval  operations. 

It  is  therefore  recommended  that  a study  of  the  mesoscale  and  synoptic  scale 
processes  responsible  for  fluctuations  in  the  height  of  the  marine  inversion 
be  initiated. 

3.3  The  Fog(s)  of  8 October  1976 

ITie  fog(s)  of  8 October  were  observed  over  cold  water  lying  just 
off  the  California  coast  at  Pt.  Arguello.  The  fog{s)  formed  under  a low-level 
inversion  associated  with  a liigh  pressure  ridge  at  500  mb  and  easterly,  off- 
shore flow  in  the  surface  levels.  At  the  time  of  the  fog  encounter  late  on 
the  morning  of  the  8th,  the  synoptic  scale  pattern  was  changing.  At  500  mb, 
the  high  cell  weakened  and  moved  southeasterly,  while  at  the  surface  high 
pressure  developed  off  the  coast  and  northwesterly  flow  became  established  in 
the  coastal  regions.  Thus,  the  observations  taken  later,  upwind  of  the  fog, 
were  probably  not  representative  of  "jupwind  conditions"  when  the  tog  was 
forming.  I'herefore  it  was  not  possible  to  examine  formation  processes  of 
this  fog,  but  some  observations  concerning  the  behavior  and  character- 
istics of  this  "cold  water"  fog  can  be  made.  Visibility,  air  temperature  and 
drop  spectra  records  for  this  event  are  provided  in  Figures  C-7,  C-8,  and  C-9 
in  Appendix  C. 

Figure  30  shows  the  locale  of  the  fog,  the  position  of  radiosonde 
releases  for  this  fog  event,  and  the  track  of  the  ACA.N1A  from  2000  POT  on  the 
7th  until  2200  POT  on  the  8th.  This  figure  is  shown  so  that  the  positions  and 
times  of  the  soundings  to  be  discussed  can  be  appreciated  with  respect  to  the 
location  of  the  fog  and  the  changing  synoptic  pattern.  Five  soundings  were 
taken  over  a 24-hour  period  and  data  from  the  surface  up  to  1100  m are  plotted 
for  each  of  the  soundings  in  Figure  31.  As  shown  by  the  soundings,  the 
temperature  profiles  from  1100  m down  to  400  m were  strikingly  similar.  The 
constancy  of  the  vertical  tein^erature  structure  during  the  period  0400-2200  PDT 
indicates  that  little  change  had  yet  occurred  in  the  synoptic  pattern  at  levels 
above  400  m. 


The  differences  in  the  soundings  below  400  m appear  to  represent 
both  synoptic  scale  changes  and  local  effects.  f-or  example,  the  2022/07 
sounding  was  taken  east  of  I’t . Conception  and  south  of  the  east-west  coastal 
range  and  depicts  a local  effect.  The  surface  wind  was  northwesterly  and 
the  low-level  structure  of  the  sounding  was  probably  a result  of  downslope 
motion  bringing  higher  level  air  down  to  near  surface  levels. 

At  the  time  and  location  of  the  0405/08  sounding,  surface  winds 
were  west-southwesterl>’  (not  downslope)  so  that  the  sounding  is  probably 
more  representative  of  general  conditions  in  the  fog  area  early  on  the  8th: 
i.e.,  a shallow  marine  layer  topped  by  a sharp  intense  inversion.  fhe  sounding 
for  2200  on  8 October  was  taken  in  clear  air  after  the  fog  event  and  shows  the 
temjierature  structure  in  the  offshore  region  as  a change  to  northwesterly  f low 
was  occurring:  i.e.,  the  inversion  was  higher  and  not  so  snarply  defined. 

The  low-level  temperature  structure  in  which  the  fog  formed  was  likely  some- 
where between  these  two  profiles,  probably  more  like  the  0405  sounding  rather 
than  the  2200  sounding.  The  120b  and  1551  soundings,  both  obtained  in  fog. 
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show  a raised  inversion  level  (relative  to  the  0405  sounding)  and  a cooler 
marine  boundary  layer.  The  soundings  suggest  that  fog  top  was  at  an  altitude 
of  approximately  130  m.  These  data  support  previoas  observations  of  marine 

fog  occurrence  and  inversion  behavior  (Ref.  3):  i.e.,  low-level  inversions 
have  been  found  to  be  requisite  to  marine  fog  formation;  and  in  the  presence 
of  fog,  radiative  processes  can  raise  the  height  of,  and  strengthen,  capping 
inve rsions . 

As  indicated  in  l-igure  30,  the  fog  event  of  8 October  was  encountered 
in  the  vicinity  of  35  and  120  W and  was  comi)rised  of  two  separate  fog  patches. 

The  fogs  of  8 October  ma>'  be  seen  on  the  satellite  photograph  taken  at  1215  POT 
and  shown  in  figure  32.  Note  the  thin  sliver  of  cloud/fog  lying  north-south 
along  the  coast  at  Pt . Arguello  and  the  widening  of  the  cloud  area  toward  the 
south.  Visible  on  the  original  photograph  is  a thin  east-west  break  in  the 
cloud  area  near  the  northern  end  of  the  band,  separating  the  two  fog  patches 
observed  at  the  surface  from  ACANIA. 

ACANlA's  track,  sea  surface  temperatures,  winds,  fog  boundaries 
observed  by  the  AC/\.\'IA  and  cloud/fog  boundaries  from  the  satellite  photograph 
for  the  event  of  8 October  are  shown  in  figure  33.  The  first  of  the  two  fogs 
was  encountered  between  1038  and  1238  PUT  as  the  ship  sailed  west  and  then  NW 
comjiletely  through  the  fog.  the  southern  edge  of  the  second  fog  advected  over 
ACA.S1A  at  1530  from  the  north  and  was  the  cloud/fog  patch  located  north  of  the 
break  in  the  clouds  seen  in  the  satellite  photograph.  AC.VMA  sailed  northward 
through  the  second  fog  and  stopped  just  short  of  the  northern  boundary  at  1?20 
when  fog  top  lowered  to  below  20  m.  Fog  top  lowered  to  below  5 m by  1740  and  the 
northern  edge  of  the  fog  then  advected  by  ACANIA  at  1820  PUT.  Reports  from  a number 
of  ships  indicated  that  the  fog  had  earlier  been  much  further  north  and  had  been 
advecting  southward  most  of  the  moniing. 

Comjiarison  of  fog  boundaries  and  sea  surface  isotherms  in  Figure  33 
and  visibility  and  temperature  data  in  Figures  C-6  and  C-7  (Appendix  C)  reveals 
an  apparent  correlation  between  sea  surface  temfierature  and  fog  occurrence. 

The  data  show  that  both  fog  penetrations  were  nearly  centered  over  a local 
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pats;h  of  very  cold  water.  lurlher,  air  tcmj'eratures  within  the  fog  were 
rapidly  cooled  to  below  the  tem^icrature  of  the  sea  surface  (except  in  the 
very  center  of  the  cold  water  ])atch)  indicating  the  influence  of  radiative 
effects.  This  may  be  the  first  observation  of  a cold  water  fog  that  we  have 
made  in  the  I’acific,  although  sufficient  data  are  not  available  for  the  region 
in  which  the  fog  formed  to  permit  a definite  conclusion  to  be  drawn. 


I 

I 

f 


I 

( 

f 


I 

( 

I 


Section  4 

1 XI’I  KIMIlNTS  in  lASfiR  HI  AM  SPRI.ADINC 
IN  HIP  MARINI.  BOUNUARV  LAVLR 


1.1  I nt  roduct ion 

As  part  of  a Skylab  experiment  to  evaluate  the  utility  of  low 
power  lasers  for  spacecr.ift  navigation  aids  ;ind  instrument  calibration, 
a low  power,  visible  wavelength  laser,  located  near  (loddard,  Maryland, 
illuminated  the  Sk\lab  spacecraft  and  was  periodically  photogr.iphed  by  the 
on-board  .astronauts.  /Vn.alyses  of  those  photographs  coupled  with  visual 
observations  by  the  astronauts  indicated  an  unusu.il  degree  of  beam  spreading 
about  the  forward  direction  of  the  laser  be.am  which  was  tentatively  attributed 
to  an  atmospheric  scattering  effect  (Ref.  25). 

Calspan  shipboard  investigations  off  the  southern  California  coast 
in  Seiitcmber-October,  lUTt),  and  off  the  NW  Florida  coast  in  February  19^?, 
proi’ided  opportunities  to  conduct  similar  laser  experiments  in  the  marine 
boundary  layer.  The  experiments  were  conducted  in  collaboration  with 
.1.1).  Russell  of  the  Naval  Avionics  Facility  at  Indianapolis  who  provided  and 
operated  the  laser.  Ihe  intent  of  these  experiments  was  to  determine  if 
beam  spreading  phenomena  similar  to  the  .Skylab  observations  could  be  observed 
witliin  the  marine  boundary  layer  with  a low-power  laser  and  at  a horizontal 
range  typically  100  times  shorter  than  the  Skylab  distances.  In  future  experi- 
ments, measurements  of  the  amount  and  form  of  expected  spreading  of  the  laser 
beam  might  then  be  used  in  an  attempt  to  assess  important  atmospheric  parameters 
such  as  size  and  concentration  of  aerosols  and  levels  of  turbulence. 

4.2  Fxperi mental  Parameters 

Laser  imagei-y  data  (photographic)  were  obtained  at  two  separate 
locations;  off  the  Pacific  Coast  of  California  and  off  the  Culf  Coast  of 
Florida.  On  9/22/7()  ;ind  10/3/76,  the  laser  was  located  inside  a building 
at  the  NLLC  Laboratory  on  Point  Loma,  just  west  of  San  Piego.  In  the 
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(.•  xju- ri  ;iM.nt  of  J-'J!'”?  to  J/J5/'’7,  tht  l.iscr  u.is  si  at  i ont-il  on  tfio  \aval 
(.'(la-.t.il  .S>stfnis  laboratory  offslioro  platform,  ''Sta>>c  I,"  near  I’an.iitia  ( 1 1 , 

lloriJa.  lUirin^;  both  of  these  data  acquisition  periocis,  the  laser  was 
hore-s  1 jjhted  at  the  rc'-earch  vessel  with  a telescopic  site.  I’liot ojirajihs 
of  the  laser  beacon  were  taken  from  the  shij)  at  varying  exposures  .and 
distances  from  the  target  and  .at  different  times  of  day. 

heather  conditions  .at  both  st.ations  were  nearly  duplicated  on  the 
da>s  of  the  experiments.  On  9/J2/7o  (San  I'iego)  and  J/J5/77  (Panama  (lity), 
skies  were  overcast  and  a hace  persisted  which  limited  visibility  to  "vlS  km. 

Hiis  restricted  the  sighting  of  the  laser  and  caused  it  to  appear  fainter 
.It  r.inges  exceeding  I km.  On  10/5/70  (San  UiegoJ  and  J/21/''7  (Panam.a  (!ityj, 
skies  were  clear  .ind  visibility  exceeded  'll)  km.  (ilear,  moonlit  conditions 
I'xisted  during  the  second  half  (nighttime)  of  the  experiment  conducted  on 
10/.5/7O.  Ihese  acquisition  parameters  are  listed  in  fable  8, 

Imagery  was  collected  on  35  mm  black  and  white  Kodak  Plus  X and 
35  mm  Lktaclirome  films,  using  a JUV  mm  lens  during  the  San  Piego  experiments 
and  a 1U5  min  lens  at  Panama  City.  l.xposures  were  made  using  incremental  f 
stops  from  5.0  to  2.’  at  1/125  sec  and  f 22  at  1/250,  1/500,  and  1/1000  sec. 
l.aler  analysis  showed  that  best  exposures  were  obtained  for  all  images  using 
f stops  of  11,  lo,  .and  22  0 1/125  sec. 

Ihe  low  (lower  laser  was  a S|)ectra  Physics  Helium  .Neon  device  operating 

O 

•it  a wave  length  of  0328  A,  providing  2 mW  output  of  randomly  polarized,  co- 
herent radiation.  Beam  size  was  0.8  mm  di.ameter.  Full  angle  beam  divergence 
was  5.0  inrad  at  San  Piego  and  4.3  mrad  at  Panama  City.  Radio  communications 
were  maintained  between  the  laser  o[)erator  and  the  research  vessel  to  ensure 
that  alignment  was  maintained  between  the  two  stations.  Range  measurements 
were  obtained  using  ship’s  radar. 


4.3  Imagery  Analysis  Results  - (leneral  j 

The  35  mm  imagery  collected  during  the  two  experimental  periods 
was  analyzed  using  a microdensitometer  having  a 25  pm  aperture.  Initial  I 

inspection  revealed  that  the  beam  image  varied  in  size  and  intensity  as 
functions  of  both  camera  exposures  and  distance  from  the  laser.  | 

I 
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Table  8 


DATbS,  TIMb  OF  DAY,  IbXNGKS  AND  WLATHF;R  CONDITIONS 
AT  TIMI,  OF  IMAGERY  COLLECTION 


Date 

Location 

Local 

Time 

Range  (mj 

(k;neral  Weather  Conditions 

9/22/70 

San  Die^o 

0917 

1482 

Hazy,  overcast-winds  6-9  kts 

9/22/70 

San  Di ego 

09  30 

3704 

Visibility  5 km 

9/22/70 

San  Die,;(' 

1010 

7408 

10/3/76 

San  Diego 

1 65b 

1926 

Clear  Skies  - visibility 

10/5/76 

San  Diego 

1720 

3704 

unlimited 

10/3/76 

San  Diego 

1756 

7408 

10/3/76 

San  Diego 

1837 

12,964 

Clear 

10/3/76 

San  Diego 

1920 

18,520 

Clear 

10/3/76 

San  Diego 

2215 

9260 

Clear,  moonlit  skies 

10/3/76 

San  Diego 

2323 

3704 

Clear,  moonlit  skies 

2/21/77 

Panama  City 

1125 

3704 

Clear  - visibility  exceeding 

2/21/77 

Panama  City 

1140 

7408 

Wind  3-5  kts 

2/21/77 

Panama  City 

1215 

11,112 

2/21/77 

Panama  City 

1245 

14,816 

2/21/77 

Panama  City 

1310 

7408 

2/21/77 

Panama  City 

1325 

3704 

2/25/77 

Panama  City 

0850 

3704 

Hazy,  overcast 

2/25/77 

Panama  City 

0915 

7408 

Visibility  less  than  7 km 

Wind  3-5  kts 
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The  color  of  the  laser  spot  itself  ranged  from  bright  red  to  pale 
pink,  and  its  size  varied  from  slightly  less  than  one  to  nine  meters  in 
diameter.*  The  shapes  of  the  beam  images  were  also  quite  random.  The  beam 
at  times  was  a perfect  circle  of  red  light,  while  at  other  times  it  appeared 
elliptical  or  ovate.  Several  images  captured  the  beam  as  star  shaped,  with 
rays  emanating  from  the  central  beam  spot,  similar  to  the  effect  encountered 
with  approaching  automobile  headlights  on  a rainy  night  (see  Figure  34).  These 
effects  were  reported  by  shipboard  observers  during  the  experiment.  The  oblong 
or  elliptical  beam  spots  rotated  from  one  frame  to  another,  such  that  the  long 
axis  was  sometimes  parallel  to  the  horizon  and  at  other  times  perpendicular, 
with  intermediate  orientations  also  observed.  There  is  some  possibility  that 
the  elliptical  shapes  were  due  to  turbulence  with  time  scales  of  the  order  of 
the  film  exposure  time. 

Two  photographs  obtained  on  the  morning  of  22  September  are  shown 
in  Figure  35  to  illustrate  the  rapid  variation  of  beam  appearance.  During  the 
approximately  10  seconds  which  separate  the  two  frames,  the  major  axis  of  the 
quasi -elliptic  beam  image  rotated  by  about  50  degrees.  Despi  the  short 
range  of  1.5  km,  the  extremely  hazy  conditions  caused  the  background  image 
to  >0  very  faint.  Imagery  obtained  on  this  day  at  a distance  of  3.7  km  was 
difficult  to  evaluate,  and  it  was  generally  impossible  to  extract  data  from 
photographic  imagery  acquired  at  distances  farther  from  the  laser.  In  marked 
contrast,  the  photograph.'  shown  in  Figure  36  were  obtained  in  the  experiment 
of  3 October  when  higii  visibility  allowed  imagery  to  be  taken  up  to  a distance 
of  18  km  (a  lirdt  imposed  by  the  earth's  curvature  and  the  respective  heights 
above  sea  level  of  laser  and  observer).  The  imagery  of  Figure  36a  and  b was 
obtained  at  distances  of  1.9  and  3.7  km,  respectively.  Captions  to  Figures 
35 and  36also  include  camera  settings,  distance  from  laser,  beam  image  size  on 
film  and  approximate  image  size. 

A portion  of  the  San  Diego  nocturnal  experiment  was  devoted  to  an 
attempt  to  estimate  the  laser  bean  width.  With  the  ship  stationary  the  laser 
.a'  slowly  scanned  horizontally,  and  shipboard  observers  reported  their 

determined  from  image  size  and  scale  defined  by  camera  focal  length 

!i  t.ince  between  the  camera  and  laser. 
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Figure  34:  Laser  beam  image  obtained  on  3 October  1976  at  2330  POT 
at  a range  of  3.7  km,  f 5.6,  1/125  sec.  Image  diameter 
on  film  ''-100  pm,  equivalent  to  'vl.8  m beam  diameter. 
Visibility  approximately  50  km,  Idl  85%. 
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Imagery  obtained  on  22  September  1976  at  0915  PDT  at  a 
range  of  1.5  km,  f 16  (a),  11  (b) , 1/125  sec.  Image 
diameter  on  film  ^<160  ym  x 80  ym,  equivalent  to  1.2  m x 
0.6  m.  Visibility  'v5  km,  RH  near  saturation. 


Figure  35 


(b) 


Figure  36:  Laser  beam  imagery  obtained  on  3 October  1976  at  1659  (a), 

1725  (b)  PUT  at  a range  of  1.9  km  (a),  3.7  km  (b) , f 3.5  (a), 

8 (bj,  1/250  sec.  Image  diameter  on  film  100  ym  (a),  80  urn  (b) , 
equivalent  to  beam  diameter  of  0.96  m (a),  1.45  m (b) . 

Visil)ility  'v50  km,  iUl  80% . 
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subjective  opinion  regarding  changes  in  the  brightness  of  the  laser  source  by 
radio.  These  observations  were  consistent  with  the  5 milliradian  beam  width 
measured  in  the  laboratory. 

During  these  visual  observations,  it  was  definitely  established  that 
atmospheric  scattering  was  detectable  when  the  beam  was  slightly  misaligned 
with  the  observer.  No  scintillation  was  observed.  The  data  suggest  that  the 
first  sidelobe  of  the  beam  pattern  was  visually  detectable;  i.e.,  a secondary 
maximum  in  beam  intensity  was  occasionally  observed  on  either  side  of  the 
primary  beam.  At  slightly  greater  misalignment  what  appeared  to  be  scattering 
from  the  optical  comjionents  of  the  source  was  evident. 

4.4  Image  .Analysis  Results  - Specific 

Initial  analysis  of  the  imagery  suggested  that  the  shape  variations 
could  be  due  to  image  motion  caused  by  ship  movement  or  operator  instability. 
Closer  examination  showed  that  these  effects  in  most  frames  were  probably 
caused  by  optical  properties  of  the  atmosphere  as  the  image  background  was 
sharp  and  well  defined. 

Once  the  shape  variations  were  accepted  as  a real  phenomenon, 
probably  attributable  to  atmospheric  effects,  the  analysis  proceeded  in  the 
direction  of  establishing  a relationship  between  beam  size  and  intensity 
versus  distance  from  the  laser  source.  One  f stop  and  shutter  speed  com- 
bination (f  16  § 1/125)  was  selected  in  order  to  form  a complete  data  set  of 
beam  imagery  at  all  ranges  using  a particular  camera  setting.  Each  beam 
image  in  this  data  set  was  measured  using  a reticle  with  50  pm  increments  and 
a 25  pm  aperture  densitometer.  The  visual  measurements  are  considered  accurate 
to  ♦ 10  pm,  with  most  errors  occurring  on  beam  images  for  the  Florida  data 

2 

because  of  the  light  sky  background  behind  the  laser.  Beam-image  areas  (m  ) 

were  calculated  and  plotted  against  the  respective  distances  from  the  laser. 

Figures  37  and  38 are  graphs  of  the  regression  analyses  of  these  data  for 

3 October  1976  and  21  February  1977,  respectively.  The  correlation  coefficient 
2 

(r  ) for  the  3 October  data  (0.73)  is  higher  than  the  value  for  21  February 
(0.66)  because  of  differences  in  contrast.  On  3 October  the  laser  was  located 
in  a doorway,  providing  a dark  background  for  the  beam  source;  thus,  more 
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Figure  37:  Laser  beam  spreading  (spot  area,  A)  vs. 

distance  (X)  from  laser.  3 October  1976. 
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AREA  irj  SQUARE  METERS 


Figure  38:  Laser  beam  spreading  (spot  area,  A)  vs. 

distance  (X)  from  laser,  21  February  1977, 
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accurate  measurement  of  the  beam  size  could  be  made  because  the  edges  of  the 
spot  were  more  easily  distinguishable  due  to  the  lack  of  illumination  from 
behind  the  source.  Additionally,  the  3 October  data  included  nighttime  imagery 
which  created  a highly  contrasting  background  for  the  beam  spot,  again  providing 
for  more  accurate  dimensional  data.  During  the  experiment  in  Ilorida  in 
February,  1977,  the  laser  was  located  on  an  off-shore  platform  with  little 
structural  background.  The  beam  background  was  mostly  sky,  and  the  beam  image 
was  pale  and  poorly  defined  due  to  low  background  contrast  as  well  as  additional 
back  illumination  due  to  atmospheric  scattering.  These  images  were  more 
difficult  to  measure  as  the  exact  edges  of  the  beam  spot  tended  to  blend  with 
the  sky. 

It  is  evident  from  Figures  37  and  38  that  beam  spot  diameters  on 

21  February  were  about  50°o  larger  than  those  measured  on  3 October.  Both 

days  were  characterized  by  dry,  clear,  sunny  conditions;  the  scattering 

coefficient  (.as  measured  by  nephelometryj  on  21  February  was  about  half  the 

value  recorded  on  3 October,  whereas  total  particle  concentrations  were 
- 3 - 3 

8000  cm  ' and  1000  cm  and  relative  humidities  were  42%  and  80%  respectively, 
for  the  two  days.  More  detailed  information  on  the  prevailing  aerosol  size 
spectra  were  not  obtained  in  a comparable  fashion  on  the  two  days,  and  it  is 
therefore  not  possible  in  this  case  to  relate  the  beam  spreading  to  particular 
aerosol  characteristics.  To  what  extent  turbulence  was  responsible  for  the 
observed  phenomena  cannot  be  assessed  at  this  time  because  turbulence  data 
have  not  been  fully  evaluated  as  of  this  writing. 

Images  taken  on  the  two  hazy  days  (22  September  and  25  February) 
were  even  more  difficult  to  measure  because  beam-spot  color  was  pale  and 
beam  edges  occasionally  exhibited  halos.  For  this  reason  only  a very  small 
number  of  frames  taken  on  the  hazy  days  could  be  evaluated,  and  the  resulting 
data  were  insufficient  for  performing  a meaningful  regression  analysis  analogous 
to  Figures  37  and  38.  Therefore,  it  was  not  possible  to  establish  correlations 
between  the  amount  of  beam  spreading  and  atmospheric  variables  despite  the 
differences  in  weather  conditions  between  2 • -“n-ber  and  3 October.  The 

difficulty  in  obtaining  meaningful  data  on  th<.  i."  days  points  to  the 
limitations  of  low  power  laser  under  conditions  u*  restricted  visibility. 
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riie  second  portion  of  the  film  analysis  attempted  to  establish  a 
relationship  between  beam  intensity  and  distance  from  the  source.  A micro- 
dons  i tt)meter  was  used  to  measure  the  density  of  the  film  in  each  of  the  three 
layers  (red,  green,  blue)  of  the  color  film.  Since  film  density  depends  upon 
processing  effects,  a sensitometric  step  wedge  was  exposed  onto  each  roll  of 
film;  film  density  could  then  be  converted  to  the  exposure  values  causing 
the  density. 

The  same  images  used  for  the  size  versus  distance  correlation  were 
used  for  the  intensity  analysis.  As  expected,  the  laser  had  much  higher 
exposure  in  the  red  band  (it  was  operating  at  red  wavelengths  and  its 
color  on  the  film  was  red).  Intensity  data  for  the  experiments  of  3 October 
and  21  February  arc  shown  in  Figures  39  and  40,  respectively.  These  diagrams 
demonstrate  that  the  beam  intensity  decreased  exponentially  with  distance  and 
that  the  atmospheric  attenuation  increased  with  distance,  as  was  anticipated. 

The  correlation  coefficient  for  these  two  data  sets  is  higher  than  that  achieved 
for  the  beam  size  analysis  probably  because  of  the  more  objective  nature  of 
the  measurements.  The  only  possible  errors  incurred  in  the  densitometry  portion 
of  this  analysis  would  be  related  to  placement  of  the  aperture  on  the  brightest 
portion  of  the  beam  spot. 

Intensity  measurements  of  the  larger  beam  spots  for  the  3 October  1976 
data  were  obtained  at  various  points  along  the  major  axis.  On  circular  spots, 
the  center  portion  had  the  highest  exposure  in  the  blue,  green  and  red  bands. 

At  increasing  radial  distances  within  the  image,  exposure  density  decreased  in 
all  bands.  On  elliptical  spots,  exposures  along  the  bright  centerline  on  the 
major  axis  remained  relatively  constant  until  the  extreme  edges  were  read,  at 
which  point  exposure  decreased  in  all  bands.  The  latter  behavior  would  be 
consistent  with  beam  elongation  due  to  turbulence  of  a time  scale  of  the  order 
of  the  exposure  time. 

On  the  21  February  1977  data  off  Panama  City,  a different  effect  was 
noted,  probably  due  to  the  placement  of  the  laser  against  a sky  background. 
Exposures  for  these  beams  decreased  in  the  red  band  with  increasing  distance 
from  the  laser  but  the  green  and  especially  blue  exposures  increased  with 
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( Figure  39:  Film  exposure  (E)  vs.  distance  (X)  from  laser, 

3 October  1976. 
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Figure  40:  Film  exposure  (E)  vs.  distance  (X)  from  laser, 
21  February  1977. 
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increasing  distance.  This  was  due  primarily  to  blue  light  being  scattered  by 
the  intervening  atmosphere  as  well  as  by  background  illumination.  These  effects 
were  even  greater  for  data  recorded  on  25  February  1977  when  the  sky  was  over- 
cast and  a haze  persisted. 

One  frame  of  imagery  taken  on  21  February  1977  exhibited  a strange 
anomaly.  Two  beam  spots  were  recorded  on  the  same  scene,  one  directly  above 
the  other.  It  is  felt  that  the  upper  spot  was  the  actual 

laser  beam  while  the  lower  spot  was  ascribed  to  a reflection  off  the  water  at 
some  point  between  the  platform  and  the  research  vessel.  The  unexplainable 
fact  about  this  anomaly  is  that  the  upper  spot  was  smaller  and  less  intense  in 
the  red  band  than  the  lower  spot  and  exliibited  higher  exposure  in  the  green 
and  blue  bands. 

4.5  Conclusions  and  Recommendations 

In  summary,  these  simple  laser  imaging  experiments  demonstrated  that 
beam  enlargement  does  occur  over  short  propagation  paths  in  the  marine  boundary 
layer,  that  it  'on  be  detected  from  use  of  a low-power  laser  under  certain 
circumstances,  and  that  it  is  attributable  to  atmospheric  scattering  effects.  The 
results  of  analyses  of  laser  imagery  data  suggest  that  attenuation  of  beam  size 
and  energy  is  related  to  forward  scattering  of  peak  energy  and  therefore  is 
probably  a function  of  particle  size  in  the  marine  boundary  layer.  The  good 
correlation  of  distance  versus  size  and  intensity  indicates  that  the  derived 
attenuation  coefficients  could  eventually  be  applied  to  a measurement  of  boundary 
layer  characteristics. 

The  present  analysis  concentrated  on  the  imagery  collected  on  clear 
days  because  this  data  set  was  larger  and  included  samples  from  all  ranges  of 
observation.  The  data  gathered  on  hazy  days  did  not  include  any  imagery  for 
stations  beyond  7.4  km.  This  data  set,  though  small,  did  enhance  results  by 
demonstrating  that  the  increased  haze  reduces  the  red  exposure  and  increases 
blue  exposure  as  distance  increases.  A larger  data  set  would  provide  for  the 
development  of  a correlation  between  clear  and  hazy  conditions  and  could  pro- 
^ vide  the  basis  for  applying  laser  beam  spreading  in  measurement  of  particle  size 
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and/or  concentrati ons . A laser  of  higher  power  than  the  2 mW  device  used  in 
these  experiments  will  be  required  for  data  acquisition  during  more  hazy 
■'onditions;  i.e.,  when  visibility  is  <20  km. 


Before  laser  beam  spreading  can  be  used  in  routine  measurements 
of  the  marine  boundary'  layer,  more  experiments  are  required  to  refine  the 
attenuation  coefficients  derived  from  this  study.  A larger  and  better  sample 
could  be  obtained  if  the  following  procedures  were  incorporated  into  future 
experi ments . 

1.  Laser  source  and  collector  should  be  mounted  on  fixed 
platforms  in  order  to  maintain  exact  alignment. 

2.  A laser  source  of  several  times  higher  output  should  be 
used  in  order  to  provide  better  imagery  under  conditions 
of  reduced  visibility. 

3.  Either  an  electro-optical  device  or  a high  speed  motion 
picture  camera  with  f stop  and  exposure  optimized  for  the 
laser  intensity  should  be  used  to  image  the  laser  beam. 

Multiple  frames  collected  at  each  position  would  allow  an 
averaging  of  size  and  exposure  values  and  allow  a more 
precise  measurement  of  these  parameters. 

4.  The  measurement  of  size  and  exposure  on  the  processed  data 
should  also  be  performed  through  a precise  electro-optical 
system  where  exact  edges  of  the  beam  spot  could  be  determined 
and  the  point  of  highest  beam  intensity  could  be  measured. 
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Appendix  A 


FOG  LOG: 

A LlSTlNi;  OF  FOCkS  OBSERVLD  AT  SEA  TO  DATE  ON  THIS 

PROGRAM 

Gate 

Location 

Fog  Type 

Avg.  Min. 
Visibility 

2b  Aug  '72 

Wrv  Bay 

Stratus  Lowering 

1.5 

km 

29-30  Aug  '72 

Faral Ion  Islands 

Stratus  Lowering 

1.0 

km 

30  Aug  '72 

Farallon  Islands 

Stratus  Lowering 

1.0 

kni 

30  Aug  '72 

Farullon  Islands 

Warm  Water 

0.4 

km 

31  Aug  '72 

Coastal  near 

Coastal  Radiation 

1.0 

km 

9-10  July  '73 

San  Francisco 

Vandenberg 

Warm  Water 

0.3 

km 

10  July  '73 

Vandenberg 

Warm  Water 

0.2 

km 

24  July  '73 

FfTY  Bay 

Coastal  Radiation 

0.2 

km 

25  July  '73 

MFY  Bay 

Coastal  Radiation 

0.2 

km 

26  July  '73 

MTY  Bay 

Coastal  Radiation 

0.2 

km 

29  Apr  '74 

^frY  Bay 

Coastal  Radiation 

0.3 

km 

30  Apr  '74 

FfTY  Bay 

Coastal  Radiation 

0.3 

km 

7 May  '74 

^^•Y  Bay 

Stratus  Lowering 

1.5 

km 

8 May  '74 

KTY  Bay 

Stratus  Lowering 

1.0 

km 

11  May  '74 

MTY  Bay 

Coastal  Radiation 

0.3 

km 

22  Aug  '74 

Eureka 

Convergence 

0.1 

km 

23  Aug  '74 

To  40  nmi  Offshore 

Fog  Patches  (numerous) 

0.5 

km 

24  Aug  '74 

Eureka 

Eureka 

Shallow  Coastal 

0.3 

km 

24  Aug  '74 

To  50  nmi  Offshore 

(numerous) 

Fog  Patches (numerous) 

0.5 

km 

24  Aug  '74 

Eureka 

65  nmi  Offshore 

Warm  Water  (single) 

0.2 

km 

- , _ ' 74 
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60  nmi  Offshore 
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0.1 

km 

26  Ai-g  '74 
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Cape  Mendocino 

Convergence 

0.2 

km 

26-27  Aug  '74 

Cape  Mendocino 

Convergence 

0.1 

km 

1 Sept  *74 

MFY  Bay 

Coastal  Radiation 

0.2 

km 

2 Sept  '74 

MTY  Bay 

Coastal  Radiation 

0.2 

km 

4 Sept  *74 

MTY  Bay 

Coastal  Radiation 

0.1 

km 

A-  1 


Kx;  Lor.  (Com.) 


Avg,  Min. 


Hate 

Locat i on 

Fog  Type 

Visibility 

2-3  Aug  '75 

35  n mi  off  Nova 
Scotia 

Cold  Water 

0. 10  km 

3-4  Aug  *75 

30  n mi  off  Nova 
Scotia 

Stratus  liowering 
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Cold  Water 

0.20  km 

4-5  Aug  '75 
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•> 
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•t 
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''<150  n mi  S of 
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0.08  km 

8-9  Aug  '75 

'''150  n mi  S of 
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0.25  km 

9 Aug  '75 

''<150  n mi  S of 
Newfoundland 

Stratus  Lowering 

0.10  km 

10  Aug  '75 

''-150  n mi  S of 
Newfoundland 

? 

0. 15  km 

'.1  Aug  '75 

‘''150  n mi  S of 
Newfoundland 

7 

0.20  km 

27-28  Sep  '76 

100  n mi  SW  of 

Pt . Conception,  CA 

Frontal  (?) 

0.20  km 

5 Oct  '76 
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Coastal  Radiation 

0. 15  km 

8 Oct  *76 

10  n mi  off 
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Cold  Water  (?) 

0. 10  km 

9 Oct  '76 

45  n mi  off 
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Stratus  Lowering 

0. 8 km 

13  Oct  '76 

75  n mi  S of 

Santa  Barbara 

? 

0. 10  km 

14  Oct  '76 

15  n mi  off 
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Coastal  Radiation 

0. 15  km 
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/V’PENDIX  B 

AirtiotTic  (lunccnt rations  and  SoJiun  Ratios  of 
Constituents  of  Ili-Vol  Bulk  Aerosol  Saaples 
Obtained  Off  Southern  California, 
Septerobor-October  1976 
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API’I  NDIX  C 

Visibility,  TcmpiTalurc  juiJ  l)ri»p  Spectra  Kecurds  for 
Marine  hot’s  Observed  Oft  Coast  of  Southern  ('alifumia. 
Sept  eml>er- October  1976 


hi gure 
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Visibility  - hot;  of  27-28  September  1976 
Temperature  - ho}>  of  27-28  September  1976 
Droplet  Spectra  - hog  of  27-28  September  1976 
Visibility  - hog  of  5 October  1976 
Droplet  Spectra  - hog  of  S October  1976 
Visibility  - hog  of  8 October  1976 
Temjjorature  - hog  of  8 October  1976 
Droplet  Spectra  - hog  of  8 October  1976 
Visibility  - hog  of  9 October  1976 
Temperature  - hog  of  9 October  1976 
Droplet  Spectra  - hog  of  9 October  1976 
Visibility  - hog  of  13  October  1976 
Temperature  - hog  of  13  October  1976 
Droplet  Spectra  - hog  of  13  October  1976 


igure  C-la:  Visibility  - Fog  of  27-2S  September  19 


Figure  C-lc  (Cont) ; Visibility  - Fog  of  27-28  September  197( 
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Figure  C-8c  (Cont)  : Droplet  Spectra  - Fog  of  8 October  1976 


October  197b 
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Figure  C-13a;  Temperature  - Fog  of  13  October  19''b 


